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PREFACE  TO  SECOND  EDITION 


Tbe  increase  in  live  loads  due  to  the  extensive  use  of  heavy  motor  trucks,  tractors  and  traction 
engines,  and  the  increased  use  of  reinforced  concrete  in  building  highway  bridges  have  made  it 
necessary  to  rewrite  this  book.  The  scope  of  the  work  has  been  extended  so  that  the  book  now 
covers  the  design  of  concrete  and  timber  highway  bridges  as  well  as  steel  highway  bridges.  The 
design  of  both  the  superstructure  and  the  substructure  of  highway  bridges  is  discussed  in  detaiL 
The  discussion  covers  all  the  details  of  constructing  highway  bridges,  including  the  calculation  of 
the  stresses,  the  design,  the  estimate,  the  contract  and  the  erection  and  construction. 

The  same  size  of  type  page  and  size  of  type  as  are  used  in  the  author's  "Structural  Engineers' 
Handbook"  are  used  in  this  book. 

The  book  is  divided  into  four  parts  and  in  addition  has  three  appendices. 

Fart  I  covers  the  calculation  of  the  stresses  in  bridge  trusses  and  in  bridge  portals  and  other 
details.  Both  algebraic  and  graphic  methods  of  calculating  stresses  in  bridge  trusses  are  described 
in  detail.  Stresses  are  calculated  in  bridge  trusses  for  both  equal  joint  loads  and  for  wheel  con- 
centrations. Chapter  VII  contains  the  solutions  of  27  problems  in  the  calculation  of  stresses  in 
bridge  trusses.  Influence  diagrams  are  developed  for  girders  and  trusses  in  this  chapter.  Part  I 
covers  the  first  course  in  the  calculation  of  stresses  in  bridges  given  in  the  author's  classes. 

Part  II  covers  the  design  of  steel  and  timber  highway  bridges.  The  design  of  steel  highway 
bridges  is  divided  into  beam  bridges,  low  truss  bridges,  plate  girder  bridges  and  high  truss  bridges. 
The  design  of  bridge  floors  is  considered  in  detail,  and  data  are  given  for  the  design  of  steel  high- 
way bridges.  The  chapter  on  timber  bridges  includes  timber  trestles  as  well  as  timber  truss 
bridges.  The  design  of  a  beam  bridge,  a  plate  girder  bridge,  a  low  truss  bridge  and  a  high  truss 
bridge  are  worked  out  in  detail. 

Part  III  covers  the  design  of  reinforced  concrete  highway  bridges  and  foundations.  The 
fonnulas  for  calculating  the  stresses  in  reinforced  concrete  structures  are  developed.  The  dif- 
ferent types  of  reinforced  concrete  beam,  girder,  arch  and  reinforced  concrete  trestle  bridges 
are  discuned,  and  working  plans  are  given  for  all  types.  Designs  of  the  different  types  of  bridge 
are  worked  out  in  detail.  Algebraic  and  graphic  solutions  are  given  for  the  elastic  arch.  An 
influence  diagram  solution  is  also  given  for  the  elastic  arch.  Abutments  and  piers  for  steel  and 
concrete  bridges  are  discussed  and  many  examples  of  structures  are  given.  The  different  types 
of  culverts  are  described  in  detail  with  examples  of  plans.  The  overflow  bridge,  which  has  been 
devebped  to  meet  a  special  need  in  localities  subject  to  excessive  flood  flow,  is  described  and  exam- 
ples are  given* 

Part  IV  covers  the  details  of  bridge  dedgn,  bridge  contracting,  estimates  and  costs,  and  bridge 
erection  and  construction.  The  discussion  in  Part  IV  together  with  Appendix  I,  "  General  Speci- 
fications for  Steel  Highway  Bridges,"  and  Appendix  II,  "General  Specifications  for  Concrete 
Bridges  and  Foundations,"  covers  in  detail  the  design  and  erection  of  steel  and  concrete  highway 
bridges.  Structural  tables  of  especial  value  in  the  design  of  steel  highway  bridges  are  given  in 
Appendix  III. 
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vi  PREFACE 

The  very  rapid  advance  in  the  design  of  highway  bridges  is  mainly  due  to  the  excellent  work 
done  by  the  various  state  highway  commissions,  and  more  recently  the  work  done  by  the  U.  S. 
Bureau  of  Public  Roads.  The  author  wishes  to  express  his  appreciation  for  the  uniform  courtesy 
of  the  various  commissions  and  bureaus  in  furnishing  plans  and  specifications.  The  author  is  under 
especial  obligations  to  Mr.  Clifford  Older,  bridge  engineer  of  the  Illinois  Highway  Commission; 
Mr.  M.  W.  Torkelson,  bridge  engineer  of  the  Wisconsin  Highway  Commission;  Mr.  J.  H.  Ames, 
and  Mr.  E.  F.  Kelly,  bridge  engineers  of  the  Iowa  Highway  Commission ;  and  Mr.  C.  V.  Oewart, 
bridge  engineer  of  the  Michigan  State  Highway  Department,  for  furnishing  plans,  specifications 
and  data,  without  which  this  book  could  not  have  been  written.  The  writer  also  wishes  to  thank 
the  U.  S.  Bureau  of  Public  Roads  for  furnishing  the  blue  prints  of  their  standard  plans,  which 
are  reproduced  in  this  book. 

Credit  is  due  Professor  W.  C.  Huntington,  University  of  Colorado,  for  assistance  in  pre- 
paring drawings  and  making  calculations,  to  Professor  R.  S.  Wallis,  Missouri  School  of  Mines, 
for  assistance  in  preparing  drawings;  to  H.  C.  Ford,  for  assistance  in  preparing  drawings,  and  to 
C.  L.  Eckel,  Assistant  Professor  of  Civil  Engineering  in  the  University  of  Pennsylvania,  for  assis- 
tance in  making  calculations,  preparing  drawings  and  i;eading  proof. 

MiLO  S.  Kbtchum 

University  of  Pennsylvania, 
Philadelphia,  Pa. 

June  5,  1920. 
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DESIGN  OF  HIGHWAY  BRIDGES  OF 
STEEL,  TIMBER  AND  CONCRETE 


IntiodiictioiL — ^Highway  bridges  are  built  (i)  of  steel;  (2)  of  steel  or  iron  and  timber;  (3)  of 
timber;  (4)  of  stone  or  concrete  masonry,  and  (5)  of  reinforced  concrete. 

Stsd  Bridges. — ^Steel  bridges  may  for  convenience  be  divided  into  (a)  beam  bridges;  (b)  plate 
girder  bridges;  (c)  low  truss  bridges,  and  (d)  high  truss  bridges.  Truss  bridges  are  made  with 
pin-connected  joints,  "pin-connected,"  or  with  riveted  joints,  "riveted." 

ComfaiiiAtiQa  Bridget. — Combination  bridges  have  timber  upper  chords,  posts  and  struts, 
and  steel  or  iron  tension  members.  Combination  bridges  are  commonly  made  with  the  Pratt 
type  of  truss,  and  may  have  parallel  or  inclined  chords.  Combination  bridges  are  used  only 
vhere  timber  is  cheap,  and  steel  and  iron  are  relatively  expensive. 

Timber  Bridget. — ^Timber  is  used  for  trestles  and  truss  bridges,  and  occasionally  for  culverts. 
The  Howe  truss  is  usually  made  with  timber  upper  and  lower  chords  and  diagonal  struts,  the 
vertical  ties  being  steel  or  iron  rods.  Timber  bridges  are  used  for  temporary  structures  and  for 
locations  where  timber  is  available  and  transportation  of  materials  for  more  permanent  structures 
is  difficult  or  very  expensive. 

Kaaonry  Bridget. — Arch  bridges  were  formerly  made  of  stone  masonry  or  plain  concrete. 
Masonry  bridges,  when  properly  designed  and  constructed,  are  permanent  structures. 

Reinfofced  Concrete  Bridges. — Reinforced  concrete  is  now  quite  generally  used  for  highway 
bridges,  trestles,  arches  and  culverts.  Reinforced  concrete  structures  can  be  built  in  locations 
where  it  would  not  be  possible  to  build  ordinary  masonry  arches,  and  can  usually  be  built  for  less 
money.  Reinforced  concrete  structures  require  great  care  in  construction,  and  when  so  con- 
structed are  permanent. 

The  calculation  of  stresses  in  steel  bridges  is  considered  in  Part  I.  While  the  discussion  is 
concerned  primarily  with  highway  bridges,  the  calculation  of  stresses  due  to  wheel  concentrations 
is  briefly  considered. 

The  solutions  of  2j  problems  in  the  calculation  of  stresses  in  bridge  trusses  are  given. 

The  design  of  steel  and  timber  highway  bridges  is  considered  in  Part  II.  The  discussion  of 
types  of  structures,  widths  of  roadway,  types  of  floor  covering  and  live  loads  given  in  Part  II, 
applies  to  reinforced  concrete  bridges  as  well  as  to  steel  and  timber  bridges.  Designs  of  steel 
bridges  of  the  different  types  are  worked  out  in  detail,  and  many  plans  of  actual  structures  are 
given.    Specifications  are  given  for  the  design  and  construction  of  timber  bridges  and  trestles. 

The  design  of  reinforced  concrete  bridges  and  foundations  is  considered  in  Part  III.  The 
discussion  includes  a  brief  resume  of  the  theory  of  reinforced  concrete  design.  The  stresses  in 
the  elastic  arch  arc  calculated  by  algebraic  and  graphic  methods,  and  by  influence  diagrams. 
The  design  of  abutments  and  piers  and  retaining  walls  are  considered.  Designs  of  concrete 
bridges  of  the  different  types  are  worked  out  in  detail,  and  many  plans  of  actual  structures  are 
given. 
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Tl^pjfiticiplfA  of  40<SatiOiv*^<l  <^8igii,  the  estimate  of  cost,  and  the  erection  and  construction 
of  highway  bVidges'are  a>n8rcfered  In  Part  IV. 

Specifications  for  the  design  of  steel  highway  bridges  are  given  in  Appendix  I. 

Specifications  for  the  design  of  concrete  highway  bridges  and  foundations  are  given  in  Appen- 
dix II. 

Tables  for  the  design  of  highway  bridges  are  given  in  Appendix  III. 
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PART   I. 
STRESSES  IN  STEEL  BRIDGES. 


CHAPTER  I. 
Methods  for  the  Calculation  of  Stresses  in  Framed  Structures. 

Introdoctioa. — ^Structures  are  acted  upon  by  external  forces,  called  loads,  the  weight  of  the 
stnicture,  the  reactions  of  the  supports,  the  force  of  the  wind,  etc.  These  external  forces  are 
held  in  equilibrium  by  internal  forces  called  stresses.  If  a  straight  member  is  acted  upon  at  its 
ends  by  two  equal  external  forces  in  the  direction  of  its  length,  equilibrium  at  any  right  section 
of  the  member  will  be  maintained  by  internal  forces  called  stresses  acting  on  opposite  sides  of  the 
section,  equal  in  amount,  but  opposite  in  direction  to  the  external  forces.  When  the  external 
forces  tend  to  elongate  the  member,  the  stress  is  tension;  when  the  external  forces  tend  to  shorten 
the  member,  the  stress  is  compression;  while  when  the  external  forces  tend  to  shear  the  member 
off,  the  stress  is  shear.  Strain  is  the  deformation  caused  by  stress;  the  ratio  of  stress  to  strain 
being  equal  to  a  quantity,  usually  a  constant,  called  the  modulus  of  elasticity.  Compressive 
streases  will  be  considered  as  positive  stresses,  while  tensile  stresses  will  be  considered  as  negative 
stresses. 

Forces  acting  in  a  plane  are  called  coplanar  forces.  Coplanar  forces  alone  will  be  considered 
in  this  chapter.  Forces  meeting  in  a  common  point  are  called  concurrent  forces,  while  forces 
which  do  not  all  meet  in  a  common  point  are  called  non-concurrent  forces. 

Representation  of  Forces. — ^A  force  is  determined  when  its  magnitude,  line  of  action  and 
direction  are  known.  It  may  be  represented  algebraically  by  stating  the  number  of  units  in  the 
force,  by  giving  the  codrdinates  of  a  point  in  the  line  of  action  of  the  force,  and  by  stating  the 
angle  made  by  the  line  of  action  of  the  force  with  a  line  of  reference;  or  it  may  be  represented 
graphically  in  magnitude  by  the  length  of  a  line,  in  line  of  action  by  the  position  of  the  line,  and 
in  direction  by  an  arrow  placed  on  the  line  pointing  in  the  direction  in  which  the  force  acts. 

Eqnilibriiim. — Statics  considers  forces  at  rest,  and  therefore  in  equilibrium.  To  have  static 
equilibrium  in  any  system  of  forces  there  must  be  neither  translation  nor  rotation,  and  the  following 
conditions  must  be  fulfilled  for  coplanar  forces. 

2!  horizontal  components  of  forces        >■  o  (i) 

X  vertical  components  of  forces  =»  o  (2) 

2  moments  of  forces  about  any  point  »  o  (3) 

Problems  in  statics  can  be  solved  graphically  or  algebraically.  The  determination  of  the 
reactions  of  a  simple  framed  structure  usually  requires  the  use  of  equations  (i),  (2)  and  (3). 
Having  completely  determined  the  external  forces  the  internal  stresses  may  be  obtained  by  the 
use  of  equations  (i)  and  (2)  (resolution),  or  equation  (3)  (moments).  These  equations  may  be: 
solved  by  algebra  or  graphics. 
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CALCULATION  OF  STRESSES  IN  FRAMED  STRUCTURES.         Chap.  I. 
There  are,  therefore,  four  methods  of  calculating  stresses,  viz.: 
Resolution  of  Forces" 


Moments  of  Forces 


Algebraic  Method. 
.Graphic  method. 
Algebraic  Method. 
.Graphic  Method. 


The  stresses  in  any  simple  framed  structure  can  be  calculated  by  using  any  one  of  the  four 
methods.  However,  there  is  usually  one  method  best  suited  to  the  solution  of  each  particular 
problem. 

RESOLUTION. — In  calculating  the  stresses  in  a  truss  by  resolution  the  fundamental  equa- 
tions for  equilibrium  for  translation 

Z  horizontal  components  of  forces  >■  o  (i) 

Z  vertical  components  of  forces      »  o  (2) 

are  applied  to  the  structure  at  the  joints  or  to  sections. 

Force  TrianiJe.— The  resultant,  R,  of  the  two  forces  Pi  and  Pt  meeting  at  the  point  a 
in  Fig.  I  is  represented  in  magnitude  and  direction  by  the  diagonal,  R,  of  the  parallelogram 
a-b-€-d.  The  combining  of  the  two  forces  Pi  and  Pt  into  the  force  R  is  termed  composition  of 
forces.    The  reverse  process  is  called  resolution  of  forces. 

The  value  of  R  may  be  found  algebraically  from  the  equation 

2P  -Pi»+P|*  +  2PlPfC0Sa 

It  is  not  necessary  to  construct  the  entire  force  parallelogram  as  in  (a)  Fig.  i,  the  force  tri- 
angle (b)  below  or  (c)  above  the  resultant  R  being  sufficient. 


Fig.  I. 

II  only  one  force  together  with  the  line  of  action  of  the  two  others  be  given  in  a  system  con- 
taining three  forces  in  equilibrium,  the  magnitude  and  direction  of  the  two  forces  may  be  found 
by  means  of  the  force  triangle. 

If  the  resultant  R  in  Fig.  i  is  replaced  by  a  force  E  equal  in  amount  but  opposite  in  direction, 
the  sj^stem  of  forces  will  be  in  equilibrium,  (a)  or  (b)  Fig.  2.  The  force  E  is  the  equilibrant  of  the 
system  of  forces  Pi  and  Pt. 

It  is  immaterial  in  what  order  the  forces  are  taken  in  constructing  the  force  triangle,  as  in 
Fig.  2,  as  long  as  the  forces  all  act  in  the  same  direction  around  the  triangle.  The  force  triangle 
is  the  foundation  of  the  science  of  graphic  statics. 

Force  Polygon. — If  more  than  three  concurrent  forces  (forces  which  meet  in  a  point)  are  in 
equilibrium  as  in  (a)  Fig.  3,  Ri  in  (b)  will  be  the  resultant  of  Pi  and  Pt,  Rt  will  be  the  resultant  of 
Ri  and  Pt,  and  will  also  be  the  equilibrant  of  P4  and  Pt.  The  force  polygon  in  (b)  is  therefore 
only  a  combination  of  force  triangles.  The  force  polygon  for  any  system  of  forces  may  be  con- 
;structed  as  follows:  Beginning  at  any  point  draw  in  succession  lines  representing  in  magnitude 
and  direction  the  given  forces,  each  line  beginning  where  the  preceding  one  ends.  If  the  polygon 
closes,  the  system  of  forces  is  in  equilibrium,  if  it  does  not  close  the  line  joining  the  first  and  last 
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points  represents  the  resultant  in  magnitude  and  direction.  As  in  the  case  of  the  force  triangle^ 
it  is  immaterial  in  what  order  the  forces  are  applied  as  long  as  they  all  act  in  the  same  direction 
around  the  polygon.    A  force  polygon  is  analogous  to  a  traverse  of  a  field  in  which  the  bearings 


«*— ^ 


Fig.  2. 


and  the  distances  are  measured  progressively  around  the  field  in  either  direction.    The  conditions 
for  closure  in  the  two  cases  are  also  identical. 

It  will  be  seen  that  any  side  in  the  force  polygon  is  the  equilibrant  of  all  the  other  sides,  and 
that  any  side  reversed  in  direction  is  the  resultant  of  all  the  other  sides. 


Fig.  3. 

Bqnilibriiim  of  Concurrent  Forces. — ^The  necessary  condition  for  equilibrium  of  concurrent 
coplaner  forces  therefore  is  that  the  force  polygon  close.  This  is  equivalent  to  the  algebraic 
condition  that  Z  horizontal  components  of  forces  »  o,  and  Z  vertical  components  of  forces  —  o. 
If  the  system  of  concurrent  forces  is  not  in  equilibrium,  the  resultant  can  be  found  in  magnitude 
and  direction  by  completing  the  force  polygon.  The  resultant  of  a  system  of  concurrent  forces  is 
always  a  single  force  acting  through  their  point  of  intersection. 

Algelxraic  Resolndon. — In  calculating  the  stresses  in  a  truss  by  algebraic  resolution,  the 
fundamental  equations  for  equilibrium,  (i)  and  (2),  for  translation  are  applied  (a)  to  each  joint » 
or  (b)  to  the  members  and  forces  on  one  side  of  a  section  cut  through  the  truss. 

(a)  Forces  at  a  Joint. — The  reactions  having  been  found,  the  stresses  in  the  members  of  the 
truss  shown  in  Fig.  4  are  calculated  as  follows:  Beginning  at  the  left  reaction,  Ri,  we  have  by 
applying  equations  (i)  and  (2) 

i-«-sin  $  —  i-y*sin  a  ™  o  (4) 

I-*'COs  $  —  i-y'cosa  —  -Ri  —  o  (5) 

The  stresses  in  members  i-x  and  i-y  may  be  obtained  by  solving  equations  (4)  and  (5). 
The  direction  of  the  forces  which  represent  the  stresses  in  amount  will  be  determined  by  the  signs 
of  the  results;  if  compressive  stresses  are  assumed  as  positive,  tensile  stresses  will  be  negative. 
Arrows  pointing  toward  the  joint  indicate  that  the  member  is  in  compression;  arrows  pointing 
away  from  the  jcnnt  indicate  that  the  member  is  in  tension.  The  stresses  in  the  members  of  the 
truss  at  the  remaining  joints  in  the  truss  are  calculated  in  the  same  way. 
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The  direction  of  the  forces  and  the  kind  of  stress  can  always  be  determined  by  sketching  in 
the  force  polygon,  for  the  forces  meeting  at  the  joint  as  in  (c)  Fig.  4. 


.f#^' 


iO) 


(b) 


(C) 


Fig.  4. 


It  will  be  seen  from  the  foregoing  that  the  method  of  algebraic  resolution  consists  in  applying 
the  principle  of  the  force  polygon  to  the  external  forces  and  internal  stresses  at  each  joint. 

Since  we  have  only  two  fundamental  equations  for  translation  (resolution)  we  can  not  solve 
a  joint  if  there  are  more  than  two  forces  or  stresses  unknown. 

Where  the  lower  chord  of  the  truss  is  horizontal  as  in  Fig.  5,  we  have  by  applying  funda- 
mentfil  equations  (i)  and  (2)  to  the  joint  at  the  left  reaction 


I-* 
i-y 


+  Ri-9ece 
-  Ri'tSLnS 


(6) 
(7) 


the  plus  sign  indicating  compression  and  the  minus  sign  tension.     Equations  (6)  and  (7)  may  be 
obtained  directly  from  force  triangle  (c). 


(b)       (C) 


Fig:  5. 


(b)  Forces  on  One  Side  of  a  Section, — The  principle  of  resolution  of  forces  may  be  applied 
to  the  structure  as  a  whole  or  to  a  portion  of  the  structure. 

If  the  truss  shown  in  Fig.  6  is  cut  by  the  plane  A- A,  the  internal  stresses  and  external  forces 
acting  on  either  segment,  as  in  (b)  will  be  in  equilibrium.  The  external  forces  acting  on  the  cut 
members  as  shown  in  (b)  are  equal  to  the  internal  stresses  in  the  cut  members  and  are  opposite 
in  direction. 

Applying  equations  (i)  and  (2)  to  the  cut  section 


3-y  -f  2-3-cos  a  —  2-X'8in  $  ^  o 
2-3*sin  a  —  2~«-cos  6  -^  Ri  —  Pi  ^  o 


(8) 
(9) 
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Now,  if  all  but  two  of  the  external  forces  are  known,  the  unknowns  may  be  found  by  solving 
equations  (8)  and  (9).  If  more  than  two  external  forces  are  unknown  the  problem  is  indeter- 
minate as  far  as  equations  (8)  and  (9)  are  concerned. 


M'.V 


-^^ 

V 

k 

^ ' 

'1 

v** 

y 

V 

1^, 

/7 

(b) 


Fig.  6. 


In  the  Warren  truss  in  Fig.  7  the  stresses  at  a  joint  may  be  calculated  by  completing  the  force 
polygon  as  at  the  left  reaction  in  (b)  Fig.  5.    Applying  equations  (i)  and  (2)  to  a  section  as  in  (c) 


2-«  4-  2-3«8in  $  —  3-y  =  o 
—  2-3'COs«  —  P  H-i?i  =0 


(10) 
(II) 


3fres5  Z-S*  5h9ar  in  fhnttx  sec  6 


Now,  i?i  —  P  ■■  shear  in  the  panel.  Therefore  the  stress  in  2-3  =  —  (i?i  —  P)  sec  tf  «  shear 
in  panel  X  sec  9,  This  analysis  leads  directly  to  the  method  of  coefficients  as  explained  in  detail 
in  Chapter  III. 

Gnpihlc  Resolation. — In  Fig.  8  the  reactions  R\  and  R%  are  found  by  means  of  the  force 
and  equilibrium  polygons  as  shown  in  (b)  and  (a).  The  principle  of  the  force  polygon  is  then 
applied  to  each  joint  of  the  structure  in  turn.  Beginning  at  the  joint  I«  the  forces  are  shown  in 
(c),  and  the  force  triangle  in  (d).  The  reaction  R\  is  known  and  acts  upward,  the  upper  chord 
stress  \-^  acts  downward  to  the  left,  and  lower  chord  stress  i-^acts  to  the  right  closing  the  polygon. 
Stress  i-dT  is  compression  and  stress  i-y  is  tension,  as  can  be  seen  by  applying  the  arrows  to  the 
members  in  (c).  The  force  polygon  at  joint  V\  is  then  constructed  as  in  (f).  Stress  i-x  acting 
toward  joint  IJ\  and  load  Pi  acting  downward  are  known,  and  stresses  1-2  and  2-«  are  found  by 
completing  the  polygon.  Stresses  2-x  and  1-2  are  compression.  The  force  polygons  at  joints 
L\  and  U\  are  constructed,  in  the  order  given,  in  the  same  manner.    The  known  forces  at  any 
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joint  are  indicated  in  direction  in  the  force  polygon  by  double  arrows,  and  the  unknown  forces 
are  indicated  in  direction  by  single  arrows. 


0'    10'    ZO'    30' 
I       I       I       I 

5c3h  of  Lengths 
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Joint  L, 
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^^^K.      ,   (d)  Joint  U,  Joint  Ug 


(k) 

Stress  D/acfram 


Fig.  8. 


The  stresses  in  the  members  of  the  right  segment  bf  the  truss  are  the  same  as  in  the  left, 
and  the  force  polygons  are,  therefore,  not  constructed  for  the  right  segment.  The  force  polygons 
for  all  the  joints  of  the  truss  are  grouped  into  the  stress  diagram  shown  in  (k).    Compression  in 
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3tre6s  Diagram 


Fig.  9. 


the  stress  diagram  and  truss  is  indicated  by  arrows  acting  toward  the  ends  of  the  stress  lines 
and  toward  the  joints,  respectively,  and  tension  is  indicated  by  arrows  acting  away  from  the 
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ends  of  the  ttnm  lines  and  away  from  the  jointo,  respectively.  The  firat  time  a  stress  is  used  a 
sin^  arrow,  and  the  second  time  the  stress  is  used  a  double  arrow  is  used  to  indicate  direction. 
It  will  be  seen  that  the  upper  chords  are  in  compression,  while  the  lower  chord  is  in  tension. 
The  stress  diagram  in  (k)  Fig.  8  is  called  a  "  Maxwell  diagram  "  or  a  *' reciprocal  polygon  diagram." 

The  notation  used  is  known  as  Bow's  notation,  in  which  points  in  the  truss  diagram  become 
areas  in  the  stress  diagram,  and  areas  in  the  truss  diagram  become  points  in  the  stress  diagram. 
The  method  of  graphic  resolution  is  the  method  most  commonly  used  for  calculating  stresses  in 
roof  trusses  and  simple  framed  structures  with  inclined  chords. 

For  the  analysis  of  the  stresses  in  roof  trusses,  see  the  author's  book,  ''The  Design  o!  Steel 
MiU  Buildings." 

Warren  Bridge  Truss, — In  Fig.  9  the  dead  load  stresses  in  a  Warren  bridge  truss  loaded 
on  the  lower  chord,  are  calculated  by  the  method  of  graphic  resolution.  In  the  stress  diagram  the 
loads  are  laid  off  from  the  bottom  upwards.  The  details  of  the  solution  can  easily  be  followed 
by  reference  to  Fig.  9  and  Fig.  8.  It  will  be  seen  that  the  upper  chord  of  the  truss  is  in  compres- 
iion,  while  the  lower  chord  is  in  tension. 

MOMBHTS. — In  calculating  the  stresses  in  a  truss  by  moments,  the  fundamental  equation 
for  equilibrium  for  rotation 

£  moments  of  forces  about  any  point  »  o  (3) 

is  applied  to  parts  of  the  structure.  Equation  (3)  may  be  solved  either  by  algebra  or  by  graphics. 
Before  applying  equation  (3)  to  the  parts  of  a  structure  it  will  be  necessary  to  discuss  a  few  funda- 
mental principles. 

Bqpiilibriiim  of  Non-concurrent  Forces. — If  the  forces  are  non-concurrent  (do  not  all  meet 
in  a  common  point),  the  condition  that  the  force  polygon  close  is  a  necessary,  but  not  a  sufficient 
condition  for  equilibrium.  For  example,  take  the  three  equal  forces  Pi,  Pt  and  Pt,  making  an 
angle  of  I30*  with  each  other  as  in  (a)  Fig.  10. 


Resu/tsnf  Moment 


(^) 


Posiftve  Moment 


M=+Ph 


0 


l^egafive  Moment 

M^-Ph 

(o) 


Fig.  10. 


The  force  polygon  (b)  closes,  but  the  system  is  not  in  equilibrium.  The  resultant,  jR,  of 
Px  and  P%  acts  through  their  intersection  and  is  parallel  to  Pi,  but  is  opposite  in  direction.  The 
system  of  forces  is  in  equilibrium  for  translation,  but  is  not  in  equilibrium  for  rotation. 

The  resultant  of  this  system  is  a  couple  with  a  moment  »  —  Pi -ft,  moments  clockwise  being 
considered  negative  and  counter-clockwise  positive,  (c)  Fig.  10.  The  equilibrant  of  the  system 
in  (a)  Fig.  10  is  a  couple  with  a  moment  -  '\'  Pvh. 
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A  couple, — ^A  couple  consists  of  two  parallel  forces  equal  in  amount,  but  opposite  in  direction. 
The  arm  of  the  couple  is  the  perpendicular  distance  between  the  forces.  The  moment  of  a  couple 
is  equal  to  one  of  the  forces  multiplied  by  the  arm.  The  moment  of  a  couple  is  constant  about 
any  point  in  the  plane  and  may  be  represented  graphically  by  twice  the  area  of  the  triangle  having 
one  of  the  forces  as  a  base  and  the  arm  of  the  couple  as  an  altitude.  The  moment  of  a  force 
about  any  point  may  be  represented  graphically  by  twice  the  area  of  a  triangle,  as  shown  in  (c) 
Fig.  lo. 

It  will  be  seen  from  the  preceding  discussion,  that  in  order  that  a  system  of  non-concurrent 
forces  be  in  equilibrium  it  is  necessary  that  the  resultant  of  all  forces  save  one  shall  coincide  with 
the  one  and  be  opposite  in  direction.  Three  non-concurrent  forces  can  not  be  in  equilibrium  un- 
less they  are  parallel.  The  resultant  of  a  system  of  non-concurrent  forces  may  be  a  single 
force  or  a  couple. 


Fig.  II. 

Equilibritim  Polygon.  First  Method, — In  Fig.  1 1  the  resultant,  a,  of  Pi  and  Ps  acts  through 
their  intersection  and  is  equal  and  parallel  to  a  in  the  force  polygon  (a) ;  the  resultant,  b,  of  a 
and  Pt  acts  through  their  intersection  and  is  equal  and  parallel  to  b  in  the  force  polygon;  the 
resultant,  c,  of  b  and  Pi  acts  through  their  intersection  and  is  equal  and  parallel  to  c  in  the  force 
polygon;  and  finally  the  resultant,  P,  of  c  and  Ps  acts  through  their  intersection  and  is  equal 
and  parallel  to  R  in  the  force  polygon.  R  is  therefore  the  resultant  of  the  entire  system  of  forces. 
If  R  is  replaced  by  an  equal  and  opposite  force,  £,  the  system  of  forces  will  be  in  equilibrium. 
Polygon  (a)  in  Fig.  ii  is  called  a  force  polygon  and  (b)  is  called  a  "funicular"  or  an  "equilibrium" 
polygon.  It  will  be  seen  that  the  magnitude  and  direction  of  the  resultant  of  a  system  of  forces 
is  given  by  the  closing  line  of  the  force  polygon,  and  the  line  of  action  is  given  by  the  equilibrium 
polygon. 

The  force  polygon  in  (a)  Fig.  12  closes  and  the  resultant,  P,  of  the  forces  Pi,  Pi,  P»,  P4,  P% 
is  parallel  and  equal  to  Pe,  and  is  opposite  in  direction.  The  system  is  in  equilibrium  for  transla- 
tion, but  is  not  in  equilibrium  for  rotation.  The  resultant  is  a  couple  with  a  moment  =  —  Pe-A- 
The  equilibrant  of  the  sj^tem  of  forces  will  be  a  couple  with  a  moment  ■=  •+•  Pe  •  *.  From  the 
preceding  discussion  it  will  be  seen  that  if  the  force  polygon  for  any  system  of  non-concurrent 
forces  closes  the  resultant  will  be  a  couple.  If  there  is  perfect  equilibrium  the  arm  of  the  couple 
will  be  zero. 

Second  Method, — ^Where  the  forces  do  not  intersect  within  the  limits  of  the  drawing  board, 
or  where  the  forces  are  parallel,  it  is  not  possible  to  draw  the  equilibrium  polygon  as  shown  in  Fig. 
II  and  Fig.  12,  and  the  following  method  is  used: 
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The  pcnnt  o,  (a)  Fig.  13,  which  is  called  the  pole  of  the  force  polygon,  is  selected  so  that  the 
strings  <»-o,  b-^t  c-o,  dr-o  and  e-o  in  the  equilibrium  polygon  (b),  which  are  drawn  parallel  to  the 
corresponding  rays  in  the  force  polygon  (a),  will  make  good  intersections  with  the  forces  which 
they  replace  or  equilibrate. 


«^ 


Resultant  Moment  l^      , ,     ' 

Fig.  12.  / 

In  the  force  poljrgon  (a),  Pi  is  equilibrated  by  the  imaginary  forces  represented  by  the  rays 
o-«  and  h^y  acting  as  indicated  by  the  arrows  within  the  triangle;  Ft  is  equilibrated  by  the 
imaginary  forces  represented  by  the  rays  o-^  and  c-o,  acting  as  indicated  by  the  arrows  within 
the  triangle;  P%  is  equilibrated  by  the  imaginary  forces  represented  by  the  rays  o-c  and  (2-o, 
acting  as  indicated  by  the  arrows  within  the  triangle;  and  P4  is  equilibrated  by  the  imaginary 
forces  o-d  and  t-o^  acting  as  indicated  by  the  arrows  within  the  triangle.  The  imaginary  forces 
are  all  neutralized  except  a-o  and  o-t,  which  are  seen  to  be  components  of  the  resultant,  R, 


fj 


Fig.  13. 


To  construct  the  equilibrium  polygon,  take  any  point  on  the  line  of  action  of  Pi  and  draw 
strings  <^-a  and  o-h  parallel  to  rays  o-a  and  0-6,  h-o  is  the  equilibrant  of  o-a  and  Pi;  through  the 
interaection  of  string  o-h  and  Ps  draw  string  c-o  parallel  to  ray  c-o,  c-o  is  the  equilibrant  of  o-b 
and  Pi;  through  the  intersection  of  string  c-o  and  P%  draw  string  dr^  parallel  to  ray  dr-o,  dr-o  is 
the  equilibrant  of  c-o  and  Pi;  and  through  the  intersection  of  string  d-o  and  P4  draw  string  e-o 
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parallel  to  ray  e-o^  e-o  is  the  equilibrant  of  dr-o  and  P4.  Strings  o-a  and  e-o  acting  as  shown  are 
components  of  the  resultant,  R^  which  will  be  parallel  to  R  in  the  force  polygon  and  acts  through 
the  intersections  of  strings  o-a  and  e^. 

The  imaginary  forces  represented  by  the  rays  in  the  force  polygon  may  be  considered  as 
components  of  the  forces  and  the  analysis  made  on  that  assumption  with  equal  ease. 

It  is  immaterial  in  what  order  the  forces  are  taken  in  drawing  the  force  polygon,  as  long  as 
the  forces  all  act  in  the  same  direction  around  the  force  polygon,  and  the  strings  meeting  on  the 
lines  of  the  forces  in  the  equilibrium  poljrgon  are  parallel  to  the  rays  drawn  to  the  ends  of  the  same 
forces  in  the  force  poljrgon. 

The  imaginary  forces  Oro^  h-o^  c-o,  d-o,  e-o  are  represented  in  magnitude  and  in  direction 
by  the  rays  of  the  force  polygon  to  the  same  scale  as  the  forces  Pi,  Pt,  Ps,  P4.  The  strings  of  the 
equilibrium  polygon  represent  the  imaginary  forces  in  line  of  action  and  direction,  but  not  in 
magnitude. 

Graphic  Moments. — In  Fig.  14  (b)  is  a  force  polygon  and  (a)  is  an  equilibrium  polygon  for 
the  system  of  forces  Pi,  Pi,  Pi,  P«.  Draw  the  line  M-N  »  y,  parallel  to  the  resultant,  R^  and 
with  ends  on  strings  o-e  and  o-a  produced.  Let  r  equal  the  altitude  of  the  triangle  Lr-M-N, 
and  H  equal  the  altitude  of  the  similar  triangle  o-e-a,    H  is  the  pole  distance  of  the  resultant,  R. 

\3 


fl^        V  — ^ f— ^1 y—^ 


ey  KC----y-— x\  ° 


^ ± 

(b) 
(a) 

Fig.  14. 
Now,  in  the  similar  triangles  Lf-M-N  and  o-e-a 

R:y::H:r 
and 

R-r  =  H-y 

But  R'f  ^  M  ^  moment  of  resultant  R  about  any  point  in  the  line  M-N  and  therefore 

M  -  Hy  (12) 

The  statement  of  the  principle  just  demonstrated  is  as  follows: 

The  moment  of  any  system  of  coplanar  forces  about  any  point  in  the  plane  is  equal  to  the  intercept 
on  a  line  drawn  through  the  center  of  moments  and  paraUel  to  the  resultant  of  all  the  forces,  cut  off  by 
the  strings  which  meet  on  the  resultant,  multiplied  by  the  pole  distance  of  the  resultant.  It  should 
be  noted  that  in  all  cases  the  intercept  is  a  distance  and  the  pole  distance  is  a  force. 

This  property  of  the  equilibrium  polygon  is  frequently  used  in  calculating  the  bending 
moments  in  beams  and  trusses  which  are  loaded  with  vertical  loads. 

Bending  Moments  in  a  Beam. — It  is  required  to  find  the  moment  at  the  point  M  in  the 
simple  beam  loaded  as  in  (b)  Fig.  15.    The  moment  at  M  will  be  the  algebraic  sum  of  the  moments 
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BENDING  MOMENTS  IN  A  BEAM. 

of  the  forces  to  the  left  of  Jf  .    The  moment  of  Pi  =  H  X  B-C,  the  moment  of  Pi  « 
and  the  moment  of  i^i  »  —  H  X  B-A,    The  moment  at  M  will  therefore  be 

AT  1  «  H  X  B-C  +  HXC'D  -HXB'A  "  "HX  A-D  -  -  H-y 
The  moment  of  the  forces  to  the  right  of  M  may  in  like  manner  be  shown  to  be 
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H  X  C-27 


ra; 


Fig.  15. 


In  like  manner  the  bending  moment  at  any  point  in  the  beam  may  be  shown  to  be  the  ordinate 
of  the  equilibrium  polygon  multiplied  by  the  pole  distance.  The  ordinate  is  a  distance  and  is 
measured  by  the  same  scale  as  the  beam,  while  the  pole  distance  is  a  force  and  is  measured  by 
the  same  scale  as  the  loads. 

Ei{uiltbrium  Polygon  as  a  Framed  Structure. — In  (a)  Fig.  16  the  rigid  triangle  supports  the 
load  Pi.     Construct  a  force  polygon  by  drawing  rays  o-i  and  c-i  in  (b)  parallel  to  sides  a-i  and 


(a) 


Fig.  16. 


c-l,  respectively,  in  (a),  and  through  pole  i  draw  i-b  parallel  to  side  1-6  in  (a).  The  reactions 
J?i  and  Rt  will  be  given  by  the  force  polygon  (b),  and  the  rays  i-o,  i-c  and  i-b  represent  the  stresses 
in  the  members  i-a,  i-c  and  i-b,  respectively,  in  the  triangular  structure.  The  stresses  in  i-^ 
and  I-c  are  compression  and  the  stress  in  i-b  is  tension,  forces  acting  toward  the  joint  indicating 
compression  and  forces  acting  away  from  the  joint  indicating  tension.  Triangle  (a)  is  therefore 
an  equilibrium  polygon,  and  polygon  (b)  is  a  force  polygon  for  the  force  Pi. 
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CALCULATION  OF  STRESSES  IN  FRAMED  STRUCTURES. 


Chap.  1. 


From  the  preceding  discussion  it  will  be  seen  that  the  internal  stresses  at  any  point  or  in 
any  section  hold  in  equilibrium  the  external  forces  meeting  at  the  point,  or  on  either  side  of  the 
section. 

Algebraic  Moments.  Stresses  in  a  Roof  Tlnss. — ^The  reactions  may  be  found  by  appl3ring 
the  fundamental  equations  of  equilibrium  to  the  structure  as  a  whole.  In  the  truss  in  (a)  Fig.  17 
by  taking  moments  about  the  right  reaction  we  have 

RiX6d  ^  SPiX3^ 

Ri  «  f  Pi  -  Rt 


Fig.  17. 


To  find  the  stresses  in  the  members  of  the  truss  in  (a)  Fig.  17,  proceed  as  follows:  Cut  the 
truss  by  means  of  plane  A-A,  as  in  (b),  and  replace  the  stresses  in  the  members  cut  away  with 
external  forces.  These  forces  are  equal  to  the  stresses  in  the  members  in  amount,  but  opposite 
in  direction,  and  produce  equilibrium. 

To  obtain  stress  4-x  take  center  of  moments  at  L^  and  take  moments  of  external  forces 


4-x 


^-xXa+PiXd-RiX2d  ^o 
=  s  3z —  (compression) 


a  a 

To  obtain  stress  in  4-5  take  center  of  moments  at  Lo,  and  take  moments  of  external  forces 

4-5  X  6  -  2P1  X  f  d  =  o 

4-5  =  — ^  (tension) 
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To  obtain  the  stress  in  5-3^  take  center  of  moments  at  joint  Ui  in  (c),  and  take  moments  of 
external  forces 

5-y  X  *  -  -Ri  X  3^  +  sPi'd  -  o 


5-y 


SRi'd  -  sPi'd  ^gPi'd 


2h 


(tension) 


To  Determine  Kind  of  Stress. — If  the  unknown  external  force  is  always  taken  as  acting 
from  the  outside  toward  the  cut  section,  i,  e.,  is  always  assumed  to  cause  compression,  the  sign 
of  the  result  will  indicate  the  kind  of  stress.  A  plus  sign  will  indicate  that  the  assumed  direction 
was  correct  and  that  the  stress  is  compression,  while  a  minus  sign  will  indicate  that  the  assumed 
direction  was  incorrect  and  that  the  stress  is  tension. 

In  calculating  stresses  by  algebraic  moments,  therefore,  always  observe  the  following  rule: 

Asswne  the  unknown  external  force  cts  acting  from  the  outside  toward  the  cut  section;  a  plus  sign 
for  the  result  will  then  show  that  the  stress  in  the  member  is  compression,  and  a  minus  sign  will  indicate 
that  the  stress  in  the  member  is  tension. 

The  stresses  in  the  web  members  3-4,  2-3,  1-2,  are  found  by  taking  moments  about  joint  La 
as  a  center.  The  stresses  in  y-^  and  y-i  are  found  by  taking  moments  about  joints  Ut  and  Ui, 
respectively;  and  the  stresses  in  x-2  and  x-i  are  found  by  taking  moments  about  joint  Li. 

The  method  of  algebraic  moments  is  the  most  common  method  used  for  calculating  the 
stresses  in  bridge  trusses  with  inclined  chords,  and  similar  frameworks  which  carry  moving  loads. 

Stresses  in  a  Bridge  Tniss. — Calculate  reaction  Ri  by  taking  moments  of  the  vertical  forces 
about  joint  Lo'.    Then  Ri  X  L  ^  6P-L/2,  and  2?i  =  3P  =  Rt,    To  calculate  the  stress  in  any 


I  ^1    to 

I  k^HH/r/     p        p 


p  Y  P     p 


Fig.  18. 

member  in  the  truss,  pass  a  section  cutting  the  member  in  which  the  stress  is  required,  and  cutting 
away  the  truss  on  one  side  of  the  section.  The  stresses  in  the  members  cut  away  are  assumed 
as  replaced  by  external  forces  acting  in  the  line  of  the  member  and  equal  to  the  stresses  in 
amount. 
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CALCULATION  OF  STRESSES  IN  FRAMED  STRUCTURES.        Chap.  1. 


To  calculate  the  stresses  take  the  center  of  moments  so  that  there  will  be  but  one  unknown 
stress.  The  solution  of  the  equation  of  moments  about  this  center  of  moments  will  give  the 
required  stress.  To  calculate  the  stress  in  4-5  in  (b)  Fig.  18,  pass  the  section  a-a,  cutting  away 
the  right  side  of  the  truss,  and  take  the  center  of  moments  at  the  intersection  of  the  top  and 
bottom  chords.  Now  5-x  and  ^-y  act  through  the  center  of  moments  and  produce  no  moment. 
The  moment  of  the  stress  in  4-5  acting  from  the  outside  toward  the  cut  section  with  an  arm  c, 
holds  in  equilibrium  the  reaction  Ri,  and  the  two  loads,  P.  The  sign  of  the  result  will  determine 
the  kind  of  stress,  minus  for  tension  and  plus  for  compression.  To  calculate  the  stress  in  the  top 
chord  UtUit  pass  section  b-b  in  (c)  and  take  moments  about  joint  L|. 

Graphic  Moments. — ^The  bending  moment  at  any  point  in  a  truss  may  be  found  by  means 
of  a  force  and  equilibrium  polygon  as  in  (b)  and  (a)  Fig.  19.  To  determine  the  stress  in  4-x, 
cut  section  A-A  and  take  moments  about  joint  Lt  as  in  Fig.  19.    The  moment  of  the  external 


i  —  'ir' 


(a) 


(b) 


Fig.  19. 


forces  on  the  left  of  L\  will  be  M\  «  —  H-yt,  and  stress 

4-*  =  -  Mi/a  -=  +  H^yt/a 

To  obtain  stress  in  4-5  take  center  of  moments  at  joint  Z«,  and  stress 

4-5  =  Mi/b  -  -  H-yi/b 

To  obtain  stress  in  5~y  take  center  of  moments  at  joint  Ut,  and  stress 

5-y  -  M,/h  -  -  H-yt/h 

The  method  of  graphic  moments  is  principally  used  to  explain  other  methods  and  is  little 
used  as  a  direct  method  of  calculation. 
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CHAPTER  II. 
Stresses  ik  Beams. 

XntTOdncdoii. — Simple  and  cantilever  beams,  only,  will  be  considered  in  this  chapter.  For 
the  calculation  of  stresses  in  continuous  beams,  see  the  author's  "Steel  Mill  Buildings,"  Chapter 
XVa. 

Readioos  of  a  Simple  Beam. — ^A  force  and  an  equilibrium  polygon  may  be  used  to  obtain 
the  reactions  of  a  beam  loaded  with  a  load  P,  as  in  Fig.  i. 

The  force  polygon  (b)  is  drawn  with  a  pole  O  at  any  convenient  point,  and  rays  0-a  and 
0-c  are  drawn.     Now  from  the  fundamental  conditions  for  equilibrium  for  translation  we  have 


a 


r 


^/ 


Y 


k,\ 


^i<- 


'  ^' 


ct 


(a) 


(b) 


Fig.  I. 


P  =  i?i  +  R\,  At  any  convenient  point  in  the  line  of  action  of  P,  draw  the  strings  O-^  and  0-c 
parallel  to  the  rays  0-a  and  O-c,  respectively,  in  the  force  polygon.  The  imaginary  forces  a-O 
and  O-c  acting  as  shown,  equilibrate  the  force  P.  The  imaginary  force  a-O  acting  in  a  reverse 
direction,  as  shown,  is  an  equilibrant  of  Ru  and  the  imaginary  force  c-0,  acting  in  a  reverse 
direction,  is  an  equilibrant  of  Rt,  The  remaining  equilibrant  of  R\  and  of  R\  must  coincide  and 
be  equal  in  amount,  but  opposite  in  direction.  The  string  h-0  is  the  remaining  equilibrant  of 
R\  and  also  of  i^i,  and  is  called  the  closing  line  of  the  equilibrium  polygon.  The  ray  h-O  drawn 
parallel  to  the  string  b-0  divides  P  in  two  parts,  which  are  equal  to  the  reactions  R\  and  R%. 

Ra«cti<Mi8  of  a  Cantflever  Beam. — ^As  a  second  example  let  it  be  required  to  find  the  reactions 
of  the  overhanging  beam  shown  in  Fig.  2. 

Construct  a  force  polygon  with  pole  0,  as  in  (b),  and  draw  an  equilibrium  polygon,  as  in  (a). 
The  ray  0-i{,  drawn  parallel  to  the  closing  line  O-d  in  (a),  determines  the  reactions.  In  this  case 
reaction  Pi  is  negative.  It  should  be  noted  that  the  closing  line  in  an  equilibrium  polygon  must 
have  its  ends  on  the  two  reactions. 

The  ordinate  to  the  equilibrium  polygon  at  any  point,  multiplied  by  the  pole  distance,  H, 
will  give  the  bending  moment  in  the  beam  at  a  point  immediately  above  it. 

Moments  and  Shears  in  Beams :  Concentrated  Loads. — ^The  bending  moments  in  the  beam 
in  Fig.  3  may  be  found  by  constructing  the  force  polygon  (a)  and  the  equilibrium  polygon  (b) 
as  shown. 

3  17 
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STRESSES  IN  BEAMS. 


Chap.  II. 


The  bending  moment  at  any  point  is  then  equal  to  the  ordinate  to  the  equilibrium  poljrgon 
at  that  point,  multiplied  by  the  pole  distance,  H.  The  ordinate  is  to  be  measured  to  the  same 
scale  as  the  beam,  and  the  pole  distance,  H,  is  to  be  measured  to  the  same  scale  as  the  loads  in 
the  force  polygon.    The  ordinate  is  a  distance  and  the  pole  distance  is  a  force. 


\^0 


Fig.  2. 

Or,  if  the  scale  to  which  the  beam  is  laid  off  be  multiplied  by  the  pole  distance  measured  to 
the  scale  of  the  loads,  and  this  scale  be  used  in  measuring  the  ordinates,  the  ordinates  will  be  equal 
to  the  bending  moments  at  the  corresponding  points.  This  is  the  same  as  making  the  pole  distance 
equal  to  unity.    Diagram  (b)  is  called  a  moment  diagram. 
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Morpenf  Diagram 
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H^e  (^^ 


5he3r  Diagram   ^4f 


A    Force  Polygon 


Fig.  3. 


Between  the  left  support  and  the  first  load  the  shear  is  equal  to  jRi;  between  the  loads  P\ 
and  Pt  the  shear  equals  R\  —  Pi;  between  the  loads  P\  and  Ps  the  shear  equals  jRi  —  Pi  —  Ps; 
between  the  loads  Pi  and  P4  the  shear  equals  Ui  —  Pi  —  Pj  — Pj;  and  between  load  P\  and  the 
right  reaction  the  shear  equals  R\^  P\  —  P\^  P\^  P^  «  — p,.    At  load  P\  the  shear  changes 
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from  positive  to  negative.    Diagram  (c)  is  called  a  shear  diagram.    It  will  be  seen  that  the  maxi- 
mum ordinate  in  the  moment  diagram  comes  at  the  point  of  zero  shear. 

The  bending  moment  at  any  point  in  the  beam  is  equal  to  the  algebraic  sum  of  the  shear 
areas  on  either  side  of  the  point  in  question.  From  this  we  see  that  the  shear  areas  on  each  side 
of  Pt  must  be  equal.  This  property  of  the  shear  diagram  depends  upon  the  principle  that  the 
bending  moment  of  any  point  in  a  simple  beam  is  the  definite  integral  of  the  shear  between  either  point 
of  support  and  the  point  in  question.  This  will  be  taken  up  again  in  the  discussion  of  beams  uni- 
formly loaded,  which  will  now  be  considered. 

Moments  and  Shears  in  Beams:  Uniform  Loads. — In  the  beam  loaded  with  a  uniform  load 
of  w  lb.  per  lineal  foot  shown  in  Fig.  4,  the  reaction  Ri  ™  Rt  ^  \w'L.  At  a  distance  x  from 
the  left  support,  the  bending  moment  is 


M  -  Rvx  -  w.x«/2  =  \Xw(JL-x  -  *») 


(I) 


which  is  the  equation  of  the  common  parabola. 

The  parabola  may  be  constructed  by  means  of  the  force  and  equilibrium  polygons,  by  assuming 
that  the  uniform  load  is  concentrated  at  points  in  the  beam,  as  is  assumed  in  a  bridge  truss,  and 
then  drawing  the  force  and  equilibrium  polygons  in  the  usual  way,  as  in  Fig.  4.    The  greater 
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loac('=  w  lb.  per  lin.  ft 
L -->! 
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in^ 


-^b 


^^P' (b)  (a) 

I  Moment  Diagram    Force  Fhlygon 


(o) 

Shear  Diagram 


Fig.  4. 


the  number  of  segments  into  which  the  uniform  load  is  divided,  the  more  nearly  will  the  equilibrium 
polygon  approach  the  bending  moment  parabola. 

The  parabola  may  be  constructed  without  drawing  the  force  and  equilibrium  polygons  as 
follows:  Lay  off  ordinate  m-n  =  n-p  =  bending  moment  at  center  of  beam  =  iw-L*.  Divide 
a-p  and  b-p  into  the  same  number  of  equal  parts  and  number  them  as  shown  in  (b).  Join  the 
points  with  like  numbers  by  lines,  which  will  be  tangents  to  the  required  parabola.  It  will  be 
seen  in  Fig.  4  that  points  on  the  parabola  are  also  obtained. 

The  shear  at  any  point  x  will  be 


5  «  jRi  —  W'X  «  JwL  —  W-3C  »  w(L/2  —  x) 


(2) 


which  is  the  equation  of  the  inclined  line  shown  in  (c)  Fig.  4.    The  shear  at  any  point  is  therefore 
represented  by  the  ordinate  to  the  shear  diagram  at  the  given  point. 
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STRESSES  IN  BEAMS. 


Chap.  II. 


Property  of  the  Shear  Diagram, — Integrating  the  equation  for  shear  between  the  limits, 
X  a  o  and  x  «  jc,  we  have 

f'S'dx^f  w(Ll2  -x)dx  -  iwiL'X  -  *•)  {3) 

which  is  the  equation  for  the  bending  moment  at  any  point,  x,  in  the  beam,  and  is  also  the  area 
of  the  shear  di2^;ram  between  the  limits  given.  From  this  we  see  that  the  bending  moment  at 
any  point  in  a  simple  beam  uniformly  loaded,  is  equal  to  the  area  of  the  shear  diagram  to  the 
left  of  the  point  in  question.  The  bending  moment  is  also  equal  to  the  algebraic  sum  of  the  shear 
areas  on  either  side  of  the  point. 

Beam  With  Partial  Uniform  Load. — ^The  beam  in  Fig.  5  is  loaded  with  a  load  w  extending 
over  a  length  b.  The  bending  moments  between  the  left  end  of  the  uniform  load  and  the  left 
reaction  is  Ri^x^  represented  by  the  ordinates  to  the  straight  line  A-i  in  (a) ;  the  bending  moments 
in  that  part  of  the  beam  covered  by  the  uniform  load  is  represented  by  ordinates  to  the  curved 
iine  1-2;  while  the  bending  moments  to  the  right  of  the  uniform  load  are  represented  by  ordinates 
to  the  straight  line  2-B.  The  ordinates  from  the  straight  line  1-2  to  the  curve  1-2  are  the  same 
as  for  a  simple  beam  with  a  span  b  loaded  with  a  uniform  load  w.  The  shear  diagram  is  shown  in 
(b).    It  will  be  seen  that  the  maximum  bending  moment  comes  at  the  point  of  zero  shear. 


Ca)  Moment  Dlagfram  ^""i-^ 

/;riMll?IMIIlnw      a 


Cb)  5 hear  Diagram 
Fig.  5. 


> 


Uniform  Moving  Loads. — Let  the  beam  in  Fig.  6  be  loaded  with  a  uniform  load  of  p  lb.  per 
lineal  foot,  which  can  be  moved  on  or  off  the  beam. 

To  find  the  position  of  the  moving  load  that  will  produce  a  maximum  moment  at  a  point  a 
distance  a  from  the  left  support,  proceed  as  follows:  Let  the  end  of  the  uniform  load  be  at  a  distance 
X  from  the  left  reaction.    Then  taking  moments  about  R\  we  have 


and  the  moment  at  the  point  whose  absicssa  is  a  will  be 


M  ^  Ri-a p- — -^ a-p p 


(4) 


(5) 


Differentiating  (5)  with  respect  to  x,  and  placing  the  derivative  of  M  equal  to  zero,  we  have 
after  solving 

X  -  o  (6) 

Therefore  the  maximum  moment  at  any  point  in  a  beam  will  occur  when  the  beam  is  fully  loaded. 
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The  bending  moment  di^;ram  for  a  beam  loaded  with  a  uniform  moving  load  is  conitructed 
as  in  Fig.  4. 

To  find  the  position  of  the  moving  load  for  maximum  shear  at  any  point  in  a  beam  loaded 
with  a  moving  uniform  load,  proceed  as  follows:  The  left  reaction  when  the  end  of  the  moving 
load  is  at  a  distance  x  from  the  left  reaction  will  be 


-Ri  - — -J — p 


(4) 


and  the  sheat  at  a  point  at  a  distance  a  from  the  left  reaction  will  be 

5  =  i?i  -  (a  -  x)p  -  ^^  "  *^'- 
which  is  the  equation  of  a  common  parabola. 


2/ 


-p-(a-«)^ 


(7) 
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Load  moving  off  to  the  left 


Fig.  6. 
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By  inspection  it  can  be  seen  that  S  will  be  a  maximum  when  x  »  a.  The  maximum  shear 
at  any  point  in  a  beam  will  therefore  occur  at  the  end  of  the  uniform  moving  load,  the  beam  being 
fully  loaded  to  the  right  of  the  point  as  in  (a)  Fig.  6  for  maximum  positive  shear,  and  fully  loaded 
to  the  left  of  the  point  as  in  (b)  Fig.  6  for  maximum  negative  shear. 

If  the  beam  is  assumed  to  be  a  cantilever  beam  fixed  at  A,  and  loaded  with  a  stationary 
uniform  load  equal  to  p  lb.  per  lineal  foot,  and  an  equilibrium  polygon  be  drawn  with  a  force 
polygon  having  a  pole  distance  equal  to  length  of  span,  /,  the  parabola  drawn  through  the  points 
in  the  equilibrium  polygon  will  be  the  maximum  positive  shear  diagram,  (a)  Fig.  6.  The  ordinate 
at  any  point  to  this  shear  diagram  will  represent  the  maximum  positive  shear  at  the  point  to  the 
same  scale  as  the  loads  (for  the  application  of  this  principle  to  bridge  trusses  see  Fig.  9,  Chap.  III). 

Concentrated  Moving  Loads.  Bending  Moments, — Let  a  beam  be  loaded  with  concentrated 
moving  loads  at  fixed  distances  apart  as  shown  in  Fig.  7. 

To  find  the  position  of  the  loads  for  maximum  moment  and  the  amount  of  the  maximum 
moment,  proceed  as  follows:  The  load  Pi  will  be  considered  first.  Let  x  be  the  distance  of  the 
load  Pt  from  the  left  support,  when  the  loads  produce  a  maximum  moment  under  load  P\, 

Taking  moments  about  R\,  we  have 


Rvl  -  Pi(/  -  jc  +  a)  +  PtQ  -  x)  +  P,(;  -  jc  -  6)  +  P,(/  -  X  -  6  -  c) 
-  (/  -  x)(Pi  J^P^J^P^-^  P4)  -VPi-a"  P,'b  -  P,(b  +  c) 


(8) 
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and  the  bending  moment  under  load  Pt  will  be 
M  ^  Ri'X  -  Pi-a 

x(l  -  x)(Pi  +  Pi  -h  P»  -h  P4)  +  xlPra  -  Pt'b  -  P^jb  +  c)]       „  (9) 

Differentiating  (9)  with  respect  to  x,  we  have 

dM      (/  -  2x)(Pi  +  p,  +  Pt  +  P4)  -h  Pi-g  -  Pi'b  ^  P,(b  -h  c)  ,    ^ 

-^ -I o  Oo) 

Fig.  7. 

and  solving  (10)  for  x,  we  have 

*~2^     2(Pi  +  P,  +  P,  +  P4)'  ^"^ 

Now  Pi' a  —  Pt'b  —  P4(6  +  c)  is  the  static  moment  of  the  loads  about  Pi,  and 

Pi-a  -  Pz'b  "  P^jb  +  c) 
Pi  -h  P2  -h  Pt  +  P4 

«s  distance  from  Pt  to  center  of  the  gravity  of  all  the  loads. 

Therefore^  for  a  maximum  moment  under  load  Pt,  it  (Pt)  must  be  as  far  from  one  end  as  the 
^center  of  gravity  of  all  the  loads  is  from  the  other  end  of  the  beam,  Fig.  7. 

The  above  criterion  holds  for  all  the  loads  on  the  beam.  The  only  way  to  find  which  load 
produces  the  greatest  maximum  is  to  try  each  one,  however,  it  is  usually  possible  to  determine 
iby  inspection  which  load  will  produce  a  maximum  bending  moment.  For  example,  the  maximum 
moment  in  the  beam  in  Fig.  7  will  certainly  come  under  the  heavy  load  Pj.  The  above  proof 
kmay  be  generalized  without  difficulty,  and  the  criterion  above  shown  to  be  of  general  application. 


a---->< 


(^1 ,  <^ 


;:,T  !      I      "f-Ce.  of  loads  \o 

^'L.  i.J       J      i      L         Id     J^^ 


K I' 

Fig.  8. 


For  two  equal  loads,  P  «  P,  at  a  fixed  distance,  a,  apart  as  in  the  case  of  a  traveling  crane, 
Pig.  8,  the  maximum  moment  will  occur  under  one  of  the  loads,  when 

X  -l\2  "  al/^  (12) 

Taking  moments  about  the  right  reaction,  we  have 

Rrl  ^  P{1  -  a/2)  (13) 
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and  the  maximum  bending  moment  is 

M  -  Ri(ll2  -  a/4) 

P(l  -  a/2)«  (14) 

2/ 

There  will  be  a  maximum  moment  when  either  of  the  loads  satisfies  the  above  criterion,  the 
bending  moments  being  equal. 

By  equating  the  maximum  moment  calculated  as  above  to  the  moment  due  to  a  single  load 
at  the  center  of  the  beam,  it  will  be  found  that  the  above  criterion  holds  only,  when 

a  <  0.586/  (15) 

Where  two  unequal  moving  loads  are  at  a  fixed  distance  apart,  the  greater  maximum  bending 
moment  will  always  come  under  the  heavier  load. 

Shears. — The  maximum  end  shear  at  the  left  support,  for  a  sjrstem  of  concentrated  loads  on 
a  simple  beam,  as  in  Fig.  8,  will  occur  when  the  left  reaction,  R^  is  a  maximum.  This  will  occur 
when  one  of  the  wheeb  is  infinitely  near  the  left  abutment  (usually  said  to  be  over  the  left  abut- 
ment).   The  load  which  produces  maximum  end  shear  can  be  easily  found  by  trial. 

The  maximum  shear  at  any  point  in  the  beam  will  occur  when  one  of  the  loads  is  over  the 
point.  The  criterion  for  determining  which  load  will  cause  a  maximum  shear  at  any  point,  x, 
in  a  beam  will  now  be  determined. 

In  Fig.  8,  let  the  total  load  on  the  beam.  Pi  +  Pt  +  -Pt  +  -Pi  •  TV,  and  let  x  be  the  distance 
from  the  left  support  to  the  point  at  which  we  wish  to  determine  the  maximum  shear. 

When  load  Pi  is  at  the  point,  the  shear  will  be  equal  to  the  left  reaction,  which  is  found  by 
substituting  x  +  «  for  x  in  (8)  to  be 

^       p       {l^x-a)W  +  Pi-a  -  Pt'h  -  P,{b  +  c) 
Oi  «  /ti  =»  J 

and  when  Pt  is  at  the  point,  the  shear  will  be 
Subtracting  St  from  5i,  we  have 


(/  -  x)W  +  Pi-a  -  P»-6  -  P^jb  +  c)       -, 


^       ^       Pi'l  -  W-a 
Oi  — Oi  "  -. 

Now  Si  will  be  greater  than  St  if  Pi*  /  is  greater  than  IF- a,  or  if 

Pi/a  >  W/l  (16) 

The  criterion  for  maximum  shear  at  any  point,  therefore,  is  as  follows: 

TTke  maximufn  positive  shear  in  any  section  of  a  beam  occurs  when  the  foremost  load  is  at  th6 

secHan^  provided  W/l  is  not  greater  than  Pi/a.    //  W/l  is  greater  than  PJa,  the  greatest  shear  will 

occur  when  some  succeeding  load  is  at  the  point. 

Having  determined  the  position  of  the  moving  loads  for  maximum  moment  and  maximum 

shear,  the  amount  of  the  moment  and  shear  can  be  obtained  as  in  the  case  of  beams  loaded  with 

stationary  loads. 

DESIGN  OF  BEAMS. — Having  calculated  the  maximum  bending  moments  and  shears 
in  the  beam  the  stresses  are  calculated  as  follows: 

Sheuing  Stresses. — ^The  shear  is  assumed  as  uniformly  distributed  over  the  cross-section 
of  the  beam,  and  the  shearing  stress  will  be  equal  to  the  shear  Si  divided  by  the  area  of  the  beam. 
The  actual  shearing  stress  in  the  beam  must  be  less  than  the  allowable  shearing  stress. 

TensSe  and  Compression  Stresses. — A  simple  beam  carried  on  two  end  supports  will  have 
its  upper  fibers  in  compression  and  its  lower  fibers  in  tension,  there  being  no  stress  on  the  neutral 
axb  of  the  beam. 
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24  STRESSES  IN  BEAMS.  Chap.  II. 

The  stress  due  to  bending  moment  will  be  given  by  the  formula 

5  =  M'cll  {17) 

where  S  is  the  unit  stress  on  the  extreme  fiber,  being  tension  on  the  convex  side  and  compression 
on  the  concave  side  of  the  beam,  M  is  the  bending  moment  of  the  forces  on  one  side  of  the  given 
section,  c  is  the  distance  in  inches  from  the  neutral  axis  of  the  beam  to  the  extreme  fiber  con- 
sidered, and  /  is  the  moment  of  inertia  of  the  cross-section  of  the  beam  in  inches  to  the  fourth 
power. 

The  allowable  unit  stresses  for  shear,  tension  and  compression  are  given  in  Chapter  IX  and 
in  Appendix  I. 
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CHAPTER   III. 
Stresses  in  Highway  Bridge  Trusses. 

LOADS. — ^The  loads  on  highway  bridges  are  commonly  specified  as  a  certain  number  of 
pounds  per  square  foot  of  floor  surface,  or  per  lineal  foot  of  truss  or  bridge.  The  live  load  is 
assumed  as  applied  at  the  panel  points  of  the  loaded  chord,  while  the  dead  load  may  be  assumed 
as  all  applied  on  the  loaded  chord,  or  assumed  as  partly  applied  on  the  loaded  chord  and  partly 
on  the  unloaded  chord  (usually  two-thirds  on  the  loaded  chord  and  one-third  on  the  unloaded 
chord).  In  this  discussion  the  dead  load  will  be  assumed  as  applied  at  the  panel  points  in  the  loaded 
chord.  Equal  panel  lengths  and  joint  loads  will  also  be  assumed.  For  extracts  from  standard 
specifications  for  dead  loads  of  highway  bridges,  see  Chapter  IX. 

Algebraic  Reflolution.* — Let  the  Warren  truss,  in  Fig.  i,  have  dead  loads  applied  at  the 
joints  of  the  loyer  chord  as  shown.  From  the  fundamental  equations  for  equilibrium  for  rotation 
and  translation,  reaction  Ri  •»  Rt  "  3W. 

Wfan9 
H2  H2 


W  fan  e 
Dead  Load  CoeffictenU 

Fig.  I. 

Th^  stresses  in  the  members  are  calculated  as  follows:  Resolving  at  the  left  reaction,  stress 
in  l-x  =  -I-  3lV«sec  5,  and  stress  in  i-y  «  —  ^W-tan  0,  Resolving  at  first  joint  in  upper  chord, 
stress  in  1-2  =  —  3ir*sec  ^,  and  stress  in  2-x  =  -f-  6W't^n  0.  Resolving  at  second  joint  in 
lower  chord,  stress  2-3  =■  -\'2W'Bec$,  and  stress  3-y  =  —  SPTtan  <>.  And  in  like  manner  the 
stresses  in  the  remaining  members  are  found  as  shown.  The  coefficients  shown  in  Fig.  i  for  the 
chords  are  to  be  multiplied  by  W'tan  d;  while  those  for  the  webs  are  to  be  multiplied  by  P^-sec  B, 

It  will  be  seen  that  the  coefficients  for  the  web  stresses  are  equal  to  the  shears  in  the  respec- 
tive panels.  Having  found  the  shears  in  the  different  panels  of  the  truss,  the  remaining  coefficients 
may  be  found  by  resolution.  Pass  a  section  through  any  panel  and  the  algebraic  sum  of  the  coeffi- 
cients will  be  equal  to  zero.  Therefore,  if  two  coefficients  are  known,  the  third  will  be  equal  to 
the  algebraic  sum  of  the  two,  with  sign  changed. 

Beginning  with  coefficient  of  member  i-y,  which  is  known  and  equals  —  3; 

coefficient  of  2-x  =  —  (—  3  —  3)  "  +  6; 
coefficient  of  3-y  =  -  (-♦-  6  -f-  2)  -  -  8; 
coefficient  of  4-x  =  —  (—    8  —  2)  >  -f-  10; 


'  Also  called  "Method  of  Sections." 
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coefficient  of  5-y  -  —  (+  10  +  i)  —  —  11; 
coefficient  of  6-x  =■  —  (—  11  —  i)  -  +  12; 
coefficient  of  7-y  ■*  —  (+  12  +  o)  «  —  12. 

Loading  for  Maximum  Stresses. — ^The  effect  of  different  positions  of  the  loads  on  a  Warren 
truss  will  now  be  investigated. 


Chord  yStre^^e^  »  Coefficients .x  Pfan  6 
10 


rAp 


±  L  1 

7  "7  '7 

Coefficients  for  One  Load 

Fig.  2. 


Let  the  truss  in  Fig.  2  be  loaded  with  a  single  load  P  as  shown.  The  left  reaction,  R\  •■  f  P, 
and  the  right  reaction,  Pi  —  P/7.  The  stress  in  i-y  —  —  ^-P'tan  B^  and  stress  in  i-x  «  + 
fP'sec  ^.  The  stress  in  1-2  —  —  fP*sec  5,  and  stress  in  2-3  —  —  ^-P* sec  5,  etc.  The  remaining 
coefficients  are  found  as  in  the  case  of  dead  loads  by  adding  coefficients  algebraically  and  changing 
the  sign  of  the  result. 

In  Fig.  3  the  coefficients  for  a  load  applied  at  each  joint  in  turn  are  shown  for  the  different 
members;  the  coefficients  for  the  load  on  left  being  given  in  the  top  line. 
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ALGEBRAIC  RESOLUTION.  27 

Tlie  following  condustons  may  be  drawn  from  Fig.  3: 

1.  All  loads  produce  compressive  stresses  in  the  top  chord  and  tensile  stresses  in  the  bottom 
chord. 

2.  All  the  loads  on  one  side  of  a  panel  produce  the  same  kind  of  stress  in  the  web  members 
that  are  inclined  in  the  same  direction  on  that  side. 

3.  For  maximum  stresses  in  the  chords,  therefore,  the  truss  should  be  fully  loaded. 

4.  For  maximum  stresses  in  the  web  members  the  longer  segment  into  which  the  panel 
divides  the  truss  should  be  fully  loaded ;  while  for  minimum  stresses  in  the  web  members  the  shorter 
segment  of  the  truss  should  be  fully  loaded. 

The  conditions  for  maximum  loading  of  a  truss  with  equal  joint  loads  are  therefore  seen  to  be 
essentially  the  same  as  the  maximum  loading  of  a  beam  with  a  uniform  live  load. 

For  a  discussion  of  the  conditions  of  loading  for  maximum  and  minimum  stresses  in  trusses 
by  means  of  Influence  Diagrams,  see  Chapter  IV. 

Stresses  in  a  Warren  Truss. — ^The  coefficients  for  the  maximum  and  minimum  stresses  in 
a  Warren  truss,  due  to  live  load  are  shown  in  Fig.  4. 

These  coefficients  are  seen  to  be  the  algebraic  sum  of  the  coefficients  for  the  individual  loads 
given  in  Fig.  3.  The  live  load  chord  coefficients  are  the  same  as  for  dead  load,  and  if  found 
directly  are  found  in  the  same  manner. 


PfanO 

-hiz        -9-/2         -^fo         -f-e 


Maximum  in  Web5  PtanO  Mmlmum  inWebz  ^ 

^*  Live  Load  Coefficients  ^ 

Fig.  4. 

The  maximum  web  coefficients  may  be  found  directly  by  taking  off  one  load  at  a  time,  be- 
ginning at  the  left.  The  left  reaction,  which  may  be  found  by  algebraic  moments,  will  in  each 
case  be  the  coefficient  of  the  maximum  stress  in  the  panel  to  the  left  of  the  first  load.  A  rule 
for  finding  the  coefficient  of  left  reaction  for  any  loading  is  as  follows:  Multiply  the  number  of 
loads  on  the  truss  by  one-half  the  number  of  loads  plus  unity,  and  dunde  the  product  by  the  number 
of  panels  in  the  truss,  the  result  will  be  the  coefficient  of  the  left  reaction. 

If  the  second  differences  of  the  maximum  coefficients  in  the  web  members  are  calculated,  they 
will  be  found  to  be  constant,  which  shows  that  the  coefficients  are  equal  to  the  ordinates  of  a 
parabola. 

Coefficients,  21  15  10  6  3  i 

ist  differences,  65432 

3nd  differences,  i  i  i  i 

Second  Differences  of  Numerators  of  Web  CoEFFiasNTs. 

This  rdation  gives  an  easy  method  for  checking  up  the  maximum  web  coefficients,  since  the 
numerators  of  the  coefficients  are  always  the  same  beginning  with  zero  in  the  first  panel  on  the 
right  and  progressing  in  order  i,  3,  6,  10,  etc.;  the  denominators  always  being  the  number  of 
panels  in  the  truss. 
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It  will  also  be  found  that  the  second  differences  of  the  upper  or  lower  chord  coefficients  are 
constant,  showing  that  the  chord  stresses  are  proportional  to  the  ordinates  to  a  parabola. 

It  should  be  noted  that  in  the  Warren  truss  the  web  members  meeting  on  the  unloaded  chord 
always  have  stresses  equal  in  amount,  but  opposite  in  sign. 

The  web  member  6-7  has  a  zero  dead  load  stress,  and  a  complete  reversal  due  to  live  load, 
making  it  necessary  to  design  the  member  to  take  both  tension  and  compression. 

For  the  calculation  of  the  maximum  and  minimum  stresses  in  a  Warren  truss,  see  Problem  10, 
Chapter  VII. 

Stresses  in  a  Pratt  Trass. — In  the  Pratt  truss  the  diagonal  members  are  tension  members, 
and  counters  (see  dotted  members  in  (c)  Fig.  5  )mu8t  be  supplied  where  there  is  a  reversal  of  stress. 
The  coefficients  for  the  dead  and  live  load  stresses  in  the  Pratt  truss,  shown  in  (a)  and  (b)  Fig.  5, 
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are  found  in  the  same  manner  as  for  a  Warren  truss.  The  member  UiLi  acts  as  a  hanger  and 
carries  only  the  load  at  its  lower  end.  The  stresses  in  the  chords  are  found  by  multiplying  the 
coefficients  by  W^tan  e,  and  in  the  inclined  webs  by  multiplying  the  coefficients  by  PT-sec  ^. 
The  stresses  in  the  posts  are  equal  to  the  vertical  components  of  the  stresses  in  the  inclined  web 
members  meeting  them  on  the  unloaded  chord. 


Digitized  by 


Google 


GRAPHIC  RESOLUTION. 


29 


The  maxiinum  chord  stresses  shown  on  the  left  of  (c),  are  equal  to  the  sum  of  the  live  and 
dead  load  chord  stresses.  The  minimum  chord  stresses  shown  on  the  right  of  (c),  are  equal  to 
the  dead  load  chord  stresses. 

The  maximum  and  minimum  web  stresses  are  found  by  adding,  algebraically,  the  stresses  in 
the  members  due  to  dead  and  live  loads. 

Since  the  diagonal  web  members  in  a  Pratt  truss  can  take  tension  only,  counters  must  be 
supplied  as  VJLt  in  panel  L\Li,  The  tensile  stress  in  a  counter  in  a  panel  of  a  Pratt  truss  is 
always  equal  to  the  compressive  stress  that  would  occur  in  the  main  diagonal  web  member  in 
the  panel,  if  it  were  possible  for  it  to  take  compression.  Care  must  always  be  used  to  calculate 
the  corresponding  stresses  in  the  vertical  posts. 

For  the  calculation  of  the  maximum  and  minimum  stresses  in  a  Pratt  truss,  see  Problem  ii, 
Chapter  VII. 

Method  of  Shear  Increments. — ^The  loads  on  a  beam  or  truss  first  produce  shears,  which  in 
turn  produce  bending  stresses  in  the  chords.  In  (a)  Fig.  5  it  will  be  seen  that  member  U%Lt 
carries  the  shear  in  the  panel  of  \W^  which  produces  a  stress  of  —  iP^-sec  fl  in  the  member. 
The  difference  in  the  stresses  in  V\  Vt  and  IJt  11%  is  seen  to  be  the  horizontal  component  of  the  stress 
in  27sLs,  or  the  shear  increment  in  the  panel.  The  shear  increment  may  be  calculated  as  follows: 
The  shear  in  the  panel  l.%L%  is  TF/2  and  may  be  assumed  to  act  a  differential  to  the  right  of  joint 
L\.  Now  take  moments  about  Lt^  and  pass  a  section  cutting  VtU%^  U\L%  and  LtLi  just  to  the 
right  of  Zn,  and  cutting  away  the  truss  to  the  left.  Now  the  shear,  5,  represents  the  resultant 
of  the  vertical  forces  to  the  left  of  the  panel.  Then  for  equilibrium  the  stress  in  UtUi  will  be 
equal  to  the  stress  in  U\Ut  found  by  taking  moments  about  joint  Ls,  plus  the  shear  increment 
/  =  (5  X  l)ld,  «  JPF-tan  B,  where  /  »  panel  length  and>^  «  depth  of  truss. 

GRAPHIC  RESOLUTION.— The  stresses  in  a  Warren  truss  due  to  dead  loads  are  calcu- 
lated by  graphic  resolution 'in  Problem  i,  Chapter  VII.  The  solution  is  the  same  as  for  the 
truss  in  Fig.  9,  Chapter  I.  The  loads,  beginning  with  the  first  load  on  the  left,  are  laid  off  from 
the  bottom  upwards.  The  analysis  of  the  solution  is  shown  on  the  stress  diagram  and  truss, 
and  needs  no  explanation. 

From  the  stresses  in  the  members  it  is  seen  (a)  that  web  members  meeting  on  the  unloaded 
chord  have  stresses  equal  in  amount  but  opposite  in  sign,  and  (b)  that  the  lower  chord  stresses 
are  the  arithmetical  means  of  the  upper  chord  stresses  on  each  side. 


"j-J^^Lji  ,. 


The  live  load  chord  stresses  may  be  obtained  from  the  dead  load  stress  diagram,  by  changing 
the  scale,  or  by  multiplying  the  dead  load  stresses  by  a  constant. 

The  live  load  web  stresses  may  be  obtained  by  calculating  the  left  reactions  for  the  loading 
that  gives  a  maximum  shear  in  the  panel  (no  loads  occurring  between  the  panel  and  the  left 
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reaction),  and  then  constructing  the  stress  diagram  up  to  the  member  whose  stress  is  required. 
In  a  truss  with  parallel  chords  it  is  only  necessary  to  calculate  the  stress  in  the  first  web  member 
for  any  given  reaction,  since  the  shear  is  constant  between  the  left  reaction  and  the  panel  in 
question. 

The  live  load  web  stresses  may  all  be  obtained  from  a  single  diagram  as  follows:  With  an 
assumed  left  reaction  of,  say,  100,000  lb.  construct  a  stress  diagram  on  the  assumption  that  the 
truss  is  a  cantilever  fixed  at  the  right  abutment,  and  that  there  are  no  loads  on  the  truss.  Then 
the  maximum  stress  in  any  web  member  will  be  equal  to  the  stress  scaled  from  the  diagram, 
divided  by  100,000,  multiplied  by  the  left  reaction  that  produces  the  maximum  stress.  This 
method  is  a  very  convenient  one  for  finding  the  stresses  in  a  truss  with  inclined  chords.  For  ex- 
amples, see  Problem  19,  and  Problem  20,  Chapter  VII. 

In  calculating  the  maximum  and  minimum  stresses  in  a  bridge  truss  by  graphic  resolution 
the  labor  in  constructing  the  stress  diagram  may  be  reduced  by  replacing  the  truss  to  the  left 
of  the  panel  by  a  triangle  as  in  (a)  or  (b)  in  Fig.  6.  In  (a)  the  correct  stresses  will  be  given  in 
V%L%  or  lJ\Lty  but  the  correct  stress  will  not  be  given  in  V%L%, 

ALGEBRAIC  MOlftENTS.— The  dead  and  live  load  stresses  in  a  truss  with  inclined  chords 
are  calculated  by  algebraic  moments  in  Fig.  7.    The  conditions  for  maximum  loading  are  the 
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Fig.  7. 


same  in  this  truss  as  in  a  truss  with  parallel  chords,  and  are  as  follows:  Maximum  chord  stresses 
occur  when  all  loads  are  on;  minimum  chord  stresses  occur  when  no  live  load  is  on;  maximum 
web  stresses  in  main  members  occur  when  the  longer  segment  of  the  truss  is  loaded ;  and  minimum 
stresses  in  main  members  and  maximum  stresses  in  counters  occur  when  the  shorter  segment  of 
the  truss  is  loaded.  For  a  proof  of  this  criterion,  see  Fig.  6,  Chapter  IV.  An  apparent  exception 
to  the  latter  rule  occurs  in  post  UtLt,  which  has  a  maximum  tensile  stress  when  the  truss  is  fully 
loaded  with  dead  and  live  loads. 

To  calculate  the  stress  in  member  UiLt,  take  moments  about  point  A,  the  intersection  of 
the  upper  and  lower  chords  produced  and  pass  a  section  cutting  Ui  17%,  UiLt  and  LiLt,  and  cutting 
away  the  truss  to  the  right.     The  dead  load  stress  is  then  given  by  the  equation 
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ua^  X  70.7  +  i2iX6o-prx8o-o 

UiLt  X  70.7  --6X60  +  3X80--120  foot-tons,  and 
UiLt  -  —  1.70  tons. 

The  maximum  live  load  stress  occurs  when  all  loads  are  on  except  Li,  and 

ViL%  X  70.7  +  i^i  X  60  =  o 

UiLt  X  70.7  -  —  ^P  X  60  -  -  576  foot-tons,  and 

U\Lt  —  —  8.14  tons 

The  ma^irinmm  live  load  stress  in  counter  U%Li  occurs  with  a  load  at  Li,  and  is  given  by  the 
equation 

-  UiLi  X  62.43  -f-ieiX6o-PX8o-o 

C^iLi  X  62.43  -  ^P  X  60  -  8  X  80  »  256  foot-tons,  and 

UiLi  —  —  4.10  tons 

The  dead  load  stress  in  counter  UtLi  when  main  member  UiL%  is  not  acting  will  be 

U%Li  X  62.43  a  -f-  120  foot-tons,  and 
UtLi  =■  -f-  1.92  tons 

The  maximum  stress  in  UiLt  is  therefore  —  1.70  —  8.14  »  —  9.84  tons,  and  the  minimum 
stress  is  aero.  The  maximum  stress  in  counter  UiLi  is  +1.92  —  4.10  =■  —  2.18  tons,  and  the 
minimum  stress  is  zero. 

To  calculate  the  stress  in  member  Ui  17%,  take  the  center  of  moments  at  Lt,  and  pass  a  section 
cutting  UiUt,  UtLt  and  L%Lt,  and  cutting  away  the  truss  to  the  right.  The  dead  load  stress  is 
then  given  by  the  equation 

UiUt  X  24.25  -  iJi  X  40  +  W'  X  20  -  o 

UiUt  -  -f- 7.42  tons 

In  like  manner  the  live  load  stress  in  UiUt  ^  -f-  19.79  tons. 

The  stresses  in  the  remaining  members  may  be  found  in  the  same  manner.  To  obtain  stress 
in  upper  chord  UtUt,  take  moments  about  Lt  as  a  center;  to  obtain  stress  in  lower  chord  LqLi 
take  moments  about  Ui  as  &  center.  The  dead  load  and  maximum  live  load  tensile  stress  in 
post  UtLi  is  equal  to  the  vertical  component  of  the  dead  and  live  loads,  respectively,  in  upper 
chord  Ui  Uf.  The  stresses  in  Zo  Uu  LoLu  LtLi\  17%  V%  and  V\L\  are  most  easily  found  by  algebraic 
resolution. 

For  additional  problems,  see  Chapter  VII. 

GRAPHIC  MOlftENTS.— The  dead  load  stresses  in  the  chords  of  a  Warren  truss  are  calcu- 
lated by  graphic  moments  in  Fig.  8. 

Bending  Moment  Polygon. — ^The  upper  chord  stresses  are  given  by  the  ordinates  to  the 
bending  moment  parabola  direct,  while  the  lower  chord  stresses  are  arithmetical  means  of  the 
upper  chord  stresses  on  each  side,  and  are  given  by  the  ordinates  to  the  chords  of  the  parabola 
as  shown  in  Fig.  8. 

The  parabola  is  constructed  as  follows:  The  mid-ordinate,  4-j,  is  made  equal  to  the  bending 
moment  at  the  center  of  the  truss  divided  by  the  depth;  in  this  case  the  mid-ordinate  is  the  stress 
in  6-«;  if  the  number  of  panels  in  the  truss  were  odd,  the  mid-ordinate  would  not  be  equal  to  any 
chord  stress.  The  parabola  is  then  constructed  as  shown  in  Fig.  8.  The  live  load  chord  stresses 
may  be  found  from  Fig.  8  by  changing  the  scale,  or  by  multiplying  the  dead  load  chord  stresses 
by  a  constant. 
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Shear  Polygon. — In  Chapter  II  it  was  shown  that  the  maximum  shear  in  a  beam  at  any 
point  could  be  represented  by  the  ordinate  to  a  parabola  at  the  point.  The  same  principle  holds 
for  a  symmetrical  bridge  truss  with  equal  panels  and  loaded  with  equal  joint  loads,  as  will  now 
be  proved. 


k  30 -O"^. 


Fig.  8. 

In  Fig.  9  assume  that  the  simple  Warren  truss  is  fixed  at  the  left  end  as  shown,  and  that  the 
right  reaction  R\  is  not  acting.     Then  with  all  joints  fully  loaded  with  a  live  load  P,  construct  a 


/  \  2  /  \  A  /  \  6  /  \  4'/  \  r /  \  . 
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■— //'Z. ->l 

Fig.  9. 

force  polygon  as  shown,  with  pole  0  and  pole  distance,  H  »  span  L,  and  beginning  at  point  a 
in  the  load  line  of  the  force  polygon,  construct  the  equilibrium  polygon  a-g-h  for  the  cantilever 
truss. 


Digitized  by 


Google 


GRAPHIC   MOMENTS.  33 

Now  the  bending  moment  at  the  left  support  will  be  equal  to  ordinate  yi  multiplied  by  the 
pole  distaace  H.  But  the  truss  is  a  simple  truss  and  the  moment  of  the  right  reaction  will  be 
equal  to  the  moment  at  the  left  abutment,  and 

yi'H  -'Rt'L 
and  since  H  ^  L 

yx'L  -  Ri'L 
and 

Now,  with  the  loads  remaining  stationary,  move  the  truss  one  panel  to  the  right  as  shown  by  the 
dotted  truss.  Wth  the  same  force  polygon  draw  a  new  equilibrium  polygon  as  above.  This 
equilibrium  polygon  will  be  identical  with  a  part  of  the  first  equilibrium  polygon  as  shown.  As 
above,  the  bending  moment  at  left  reaction  is  yi'H  «  yi'L  «  Ri-L,  and  yi  »  Ri,  In  like 
manner  y^  can  be  shown  to  be  the  right  reaction  with  three  loads  on,  etc.  Since  the  bridge  is 
symmetrical  with  reference  to  the  center  line,  the  ordinates  to  the  shear  polygon  in  Fig.  9  are 
equal  to  the  maximum  shears  in  the  panel  to  the  right  of  the  ordinate  as  the  load  moves  off  the 
bridge  to  the  right. 

For  a  method  of  drawing  the  shear  parabola  direct,  without  the  use  of  the  force  and  equilibrium 
polygons,  see  Problem  18,  Chapter  VII. 
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CHAPTER  IV. 
Stresses  in  Railway  Bridge  Trusses. 

LOADS. — ^The  dead  load  of  a  railway  bridge  is  assumed  to  act  at  the  joints  the  same  as  in  a 
highway  bridge.  The  dead  joint  loads  are  commonly  assumed  to  act  on.  the  loaded  chord,  but 
may  be  assumed  as  divided  between  the  panel  points  of  the  two  chords,  one-third  and  two-thirds 
of  the  dead  loads  usually  being  assumed  as  acting  at  the  panel  points  of  the  unloaded  and  the  loaded 
chords,  respectively. 

The  live  load  on  a  railway  bridge  consists  of  wheel  loads,  the  weights  and  spacing  of  the  wheels 
depending  upon  the  type  of  the  rolling  stock  used.  The  locomotives  and  cars  differ  so  much  that 
it  would  be  difficult  if  not  impossible  to'design  bridges  on  a  railway  system  for  the  actual  conditions, 
and  conventional  systems  of  loading,  which  approximate  the  actual  conditions  are  assumed. 
The  conventional  systems  for  calculating  the  live  load  stresses  in  railway  bridges  that  have  been 
most  favorably  received  are:  (i)  Gx>per*8  Conventional  System  of  Wheel  Concentrations;  (2) 
the  use  of  an  Equivalent  Uniform  Load;  and  (3)  the  use  of  a  uniform  load  and  one  or  two  wheel 
concentrations.  In  addition  to  these  some  railroads  specify  special  engine  loadings.  The  first 
and  second  methods  will  be  discussed  in  this  chapter. 

Cooper's  Conventioiial  System  of  Wheel  Concentrations. — In  Cooper's  loadings  two  con- 
solidation locomotives  are  followed  by  a  uniformly  distributed  train  load.  The  typical  loading 
for  Cooper's  Class  E  40  is  shown  in  Fig.  3,  Chapter  IX.  The  loads  on  the  drivers  in  thousands 
of  pounds  and  the  uniform  train  load  in  hundreds  of  pounds  are  the  same  as  the  class  number. 
The  wheel  spacings  are  the  same  for  all  classes.  The  stresses  for  Cooper's  loadings  calculated 
for  one  class  may  be  used  to  obtain  the  stresses  due  to  any  other  class  loading.  For  example,  the 
stresses  in  any  truss  due  to  Cooper's  Class  E  50  are  equal  to  |-  of  the  stresses  in  the  same  truss 
due  to  Class  E  40  loading.  The  E  55  and  the  E  60  loadings  are  those  most  used  for  steam  rail- 
ways in  the  United  States.  In  bridges  designed  for  Class  E  40  loading  and  under  the  floor  system 
must  in  addition  be  designed  for  two  moving  loads  of  100,000  lb.  each,  spaced  6'  o"  apart  on 
each  track.  The  corresponding  loads  for  Class  E  50  are  120,000  lb.  with  the  same  spacing. 
The  American  Railway  Engineering  Association  has  adopted  Cooper's  loadings,  except  that  the 
special  loads  are  spaced  7'  o".  The  values  for  moment,  Af,  shear,  5,  and  floorbeam  reaction,  R,  for 
Class  E  60  are  given  in  Table  I. 

Equivalent  Uniform  Load  System. — ^The  equivalent  uniform  load  for  calculating  the  stresses 
in  trusses  and  the  bending  moments  in  beams,  is  the  uniform  load  that  will  produce  the  same 
bending  moment  at  the  quarter  points  of  the  truss  or  beam  as  the  maximum  bending  moment 
produced  by  the  wheel  concentrations.  The  equivalent  uniform  loadings  for  different  spans  for 
Cooper's  E  40  loading  are  given  in  Fig.  4,  Chapter  IX.  In  calculating  the  stresses  in  the  truss 
members  select  the  equivalent  load  for  the  given  span,  and  calculate  the  chord  and  web  stresses 
by  the  use  of  equal  joint  loads,  as  for  highway  bridges.  In  designing  the  stringers  for  bending 
moment  take  a  loading  for  a  span  equal  to  one  panel  length,  and  for  the  maximum  floorbeam  re- 
action take  a  loading  for  a  span  equal  to  two  panel  lengths.  It  is  necessary  to  calculate  the 
maximum  end  shears  and  the  shears  at  intermediate  points  by  wheel  concentrations,  or  to  use 
equivalent  uniform  loads  calculated  for  wheel  concentrations. 

Live  load  stresses  calculated  by  the  method  of  equivalent  uniform  loads  are  too  small  for 
the  chords  and  webs  between  the  ends  of  the  truss  and  the  quarter  points,  and  are  too  large  be- 
tween the  quarter  points.     The  stresses  obtained  for  the  counters  are  too  large.    The  live  load 
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TABLE  I. 

MAxmuM  Moments,  M;  End  Shears,  S;  and  Floorbbam  Reactions,  R;  Per  Rail,  for 

Girders. 

Cooper's  E6o  Loading  (A.  R.  E.  A.). 

Loading  Two  E  60  Engines  and  Train  Load  of  6,000  Pounds  per  Foot  or  Special  Loading 
Two  75,000  Pound  Axle  Loads  7  Ft.  C.  to  C. 

Moments  in  Thousands  of  Foot-Pounds.  Shears  and  Floorbeam  Reactions  in  Thousands  of 
Pounds. 

Results  for  One  Rail.     Results  from  Special  Loading  marked*.    A.  R.  E.  A.  Impact  Formula. 
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86 
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42 

87 
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88 
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Maximum  Moments,  M;  End  Shears,  S;  and  FloorbeaM  Reactions,  R;  Per  Rail,  for 

Girders. 
Cooper's  E6o  Loading  (A.  R.  E.  A.). 


Pt. 

Momenta 
M. 

Moment 
Im^P^ 

End 

•  Shear 

S. 

End 
Shear 
Imgj^ 

Floorbeam 

Reaction 

R. 

FlooTbeam 
Impact 

t 

Momenta 
M. 

Moment 
Impict 

Shear 
S. 

End 
Im^ 

u 

97 
98 

99 
100 

lOI 

102 
103 
104 

!^ 
\% 

109 

4408.4 
4490.7 

4659.8 
4743.8 
4830.0 
4916.9 
5004.0 

SII5.5 
5212.8 

5306.5 
5401.3 

5499.2 
5617.0 
5727.6 

3348.2 
3402.0 
3456.0 
35124 
3566.7 

^So'5 

3678.5 

3870.9 
3930.7 
399I.I 
40534 
4I3O.I 
4201. 1 

215.4 
217.2 
219.2 
221.2 
223.1 
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226.8 
228.6 

2304 
232.3 

234.1 
235.9 

237.7 
239.4 
241.2 

163.6 

164.5 
165.6 
166.7 
167.7 
168.8 
169.7 
170.6 
I71.5 
172.5 

1734 
174.3 
175.2 
176.0 
176.9 

Viaduct 
Span 

4o'-6o' 
197.2 

110 
III 
112 
113 

"4 

;ii 

117 
118 
119 
120 
121 
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124 
125 

5829.6 

59374 
6040.0 
6148.2 
6258.0 
6366.8 
6478.0 
6586.1 
6696.6 
6808.3 
6921.6 
7030.5 
7143.8 
7260.1 
73764 
7495.2 

4265.5 
4333.9 
4398.1 
4466.0 
4534.8 

4671^6 

4806.1 
4874.7 
4944.0 
5009.9 
5078.5 
5148.9 
5219-1 
5290.7 

243.0 

248.3 
250.0 
251.8 
253.6 
255.3 
257.0 
258.8 
260.5 
262.2 
264.0 
265.7 
2674 
269.1 

177.8 
178.7 

179-5 
180.3 
181.2 
182.0 
182.9 
183.6 
1844 
185.3 
186.1 
186.9 

187.7 
1884 
189.2 
190.0 

Viaduct 
Span 

40^-80' 
236.5 

stresses  calculated  by  the  method  of  equivalent  uniform  loads  are  sufficiently,  accurate  for  all 
practical  purposes.  Even  though  the  equivalent  uniform  load  method  is  simple  to  apply  and 
gives  sufficiently  accurate  results,  it  is  now  seldom  used. 

KINDS  OF  STRESS. — ^The  live  loads  on  a  railway  bridge  produce  stresses  as  follows: 
(i)  Vertical  stresses  due  to  the  live  load  in  any  position; 

(2)  Vibratory  stresses  due  to  the  moving  of  the  live  load,  generally  included  in  the  term 
-''Impact"; 

(3)  Horizontal  static  stresses  due  to  centrifugal  forces,  if  the  train  is  on  a  curve; 

(4)  Lx>ngitudinal  static  stresses  due  to  the  momentum  of  the  train,  and  the  friction  on  the 
rails  when  the  brakes  are  applied. 

Vibratory  stresses  cannot  be  calculated  with  our  present  knowledge,  but  are  provided  for 
by  taking  a  percentage  of  the  static  live  load  as  "Impact  Stress,"  or  by  using  smaller  working 
stresses.     Horizontal  and  static  stresses  can  be  calculated. 

CALCULATION  OP  STRESSES  DUE  TO  WHEEL  CONCENTRATIONS.— The  maxi- 
mum stresses  in  any  member  of  a  truss  may  be  found  by  trial,  that  is,  by  assuming  a  number  of 
positions  of  the  live  load,  calculating  the  stress  for  each  position,  and  then  comparing  the  results. 
This  method  is  long  and  tiresome  and  considerable  time  may  be  saved  by  the  application  of  certain 
simple  criteria,  which  will  now  be  developed  by  means  of  influence  diagrams.  These  criteria 
may  also  be  developed  by  algebraic  methods. 

INFLUENCE  DIAGRAMS. — ^An  influence  diagram  (commonly  called  an  influence  line) 
shows  the  variation  of  the  effect  of  a  moving  load  or  a  system  of  loads  on  a  beam  or  truss.  The 
difference  between  bending  moment  or  shear  diagrams  and  influence  diagrams  is  that  the  bending 
moment  and  the  shear  diagram  gives  the  moment  and  shear,  respectively,  at  any  point  for  a  fixed 
system  of  loads,  while  an  influence  diagram  gives  the  moment  or  shear,  etc.,  at  a  fixed  point  for  a 
moving  system  of  loads.  Influence  diagrams  are  used  principally  for  finding  the  position  of 
moving  loads  that  will  produce  maximum  shears,  moments,  reactions,  or  stresses,  although  they 
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may  be  uaed  for  calculating  the  quantities  themselves.  For  convenience,  where  a  number  of 
loads  are  considered,  the  influence  diagrams  are  drawn  for  a  single  unit  load.  The  unit  influence 
diagram  may  then  be  used  for  any  load  by  multiplying  by  the  given  load.  The  unit  influence 
diagram  will  be  referred  to  in  the  following  discussion. 

Maximnm  Moment  in  a  Truss  or  Beam. — Let  Pi,  in  Fig.  i,  represent  the  summation  of  the 
moving  loads  to  the  left  of  the  panel  point  2\  and  Ps  be  the  summation  of  the  moving  loads  to 
the  right. 

The  influence  diagram  for  the  point  2'  is  constructed  by  calculating  the  bending  moment  at 
2'  due  to  a  unit  load  ^  a{L  —  a)IL  »  ordinate  2-4,  and  drawing  lines  1-2  and  2-3.  The  equation 
of  the  line  1-2  is  y  =  x(L  —  o)/L,  and  the  equation  of  the  line  2-3  is  y  —  a{L  —  *)/L. 
Now  when  jc  »  a  the  two  lines  have  a  common  ordinate  which  is  equal  to  a(L  —  a)/L.  Also 
when  X  ■■  Zr  the  ordinate  to  1-2  =  L  —  o;  while  when  x  «■  o,  the  ordinate  to  2-3  is  o,  as  is  seen 
in  Fig.  I.  This  relation  gives  an  easy  method  of  constructing  an  influence  diagram  for  moments 
for  any  point  in  a  beam  or  truss. 


-a» 


Fig.  I.    Influence  Diagram  for  Moments. 


Now  in  Fig.  i  the  bending  moment  at  2'  due  to  the  loads  Pi  and  Pt,  is 

Now  move  the  loads  Pi  and  Pi  a  short  distance  to  the  left,  the  distance  being  assumed  so  small 
that  the  distribution  of  the  loads  will  not  be  changed,  and 

Af  +  rfAf  -  Pi(yi  -  dyi)  +  Pi(yi  +  dyt)  (2) 

Subtracting  (i)  from  (2)  and  placing  dM^  o,  we  have 

dM  =  -  Pi'dyi  +  Pt'dyt  =0  (3) 

But  dyi  —  dx'tatk  ai  —  dx{L  —  a)IL,  and  dyt  =  dx-tatn  at  =»  dx-a/L,  and 

dM  -  -  Pi(L  -  a)dxlL  +  Pi-a-dxIL  =»  o,  frgm  which 
Pi-a  —  Pi-L  -f  Pt-a  «=  o,  and 
(Pi+Pi)a-Pi.L 
Solving,  we  have 

Pila '^  {Pi  +  Pt)IL.  (4) 

From  (4)  ii  follows  that  the  maximum  bending  moment  at  2'  occurs  when  the  overage  load  on  the  left 
of  the  section  is  the  same  as  the  average  load  on  the  entire  bridge.  It  will  be  seen  that  the  criterion 
will  be  satisfied  for  a  bridge  loaded  with  equal  joint  loads  when  the  bridge  is  fully  loaded. 
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Uniform  Loads, — In  Fig.  i  the  bending  moment  at  2'  due  to  a  uniform  load  P'dx  will  be 
P'y'dxin  (a).  But  ydx\s  the  area  of  the  influence  diagram  under  the  uniform  load,  and  the 
bending  momept  at  2'  due  to  a  uniform  load  will  be  equal  to  the  area  of  the  influence  diagram 
covered  by  the  load,  multiplied  by  the  load  per  unit  of  length.  For  a  uniform  load,  p,  covering 
the  entire  span  the  bending  moment  at  2'  will  be  p  times  the  area  of  the  influence  diagram  1—2-3. 
For  a  uniform  load  the  bridge  must  be  fully  loaded  to  obtain  maximum  bending  moment  at  any 
point.  It  will  be  seen  that  the  general  criterion  for  maximum  bending  moment  is  satisfied  when 
the  bridge  is  fully  loaded  with  a  uniform  load. 

Maximum  Shear  in  a  Beam. — It  is  required  to  calculate  the  maximum  shear  at  the  point  2' 
in  the  beam  i'*-4',  in  Fig.  2.    First  consider  two  loads,  Pi  and  Pt.  at  a  distance  h  apart,  on  the 


|4 ^ ^^'C"^ 

\8  \P.    \P, 


Fig.  2.    Infiuence  Diagram  for  Shear  in  a  Beam. 


right  of  the  point  2'.  Now  with  the  load  unity  at  2'  the  shear  at  the  left  of  the  point  will  be 
(/  —  a)//,  and  on  the  right  of  the  point  2*  the  shear  will  be  —  a//,  while  the  influence  diagram  for 
shear  is  1-2-3-4.  Then  the  shear  at  the  point  2'  due  to  the  loads  Pi  and  Pi  will  be  5  —  -h  Pi  -yi 
+  Pi*yf.  Now  as  the  loads  are  moved  to  the  left,  the  positive  shear  is  increased  until  Pi  reaches 
point  2'.  It  will  therefore  be  seen  that  a  maximum  shear  occurs  at  2'  when  load  Pi  is  at  2',  and 
P\  is  on  the  longer  segment  of  the  beam.  If  Pt  is  greater  than  Pi  the  loads  should  be  reversed  in 
position. 

For  more  than  two  loads,  Pi,  Pt  and  Pi^  the  criterion  is  developed  as  follows: 

The  shear  at  2'  is 

5  =  +  Pi-yi  +  Pi-yi  +  Ps-yi  (5) 

Now  move  the  loads  to  the  left  a  distance  dx,  no  loads  coming  on  or  going  off  the  span,  and 

5  +  «  -  +  Pi(yi  +  dyi)  +  PiCyi  +  dy^)  +  Pi(yi  +  dyt)  (6) 

subtracting  (5)  from  (6),  and  solving  for  a  maximum,  we  have 

d5  -  +  Pi-dyi  +  Pi'dyt  +  Pt-dyt  -  o  (7) 

Now  (7)  can  be  satisfied  only  when  Jyi,  or  both  dyi  and  dyt  are  negative.  Whether  maximum 
shear  will  occur  with  Pi  or  with  P%  at  2'  may  be  found  by  substituting  in  (5). 

Maximum  Shear  in  a  Truss. — Let  Pi,  Pt  and  Ps,  in  Fig.  3,  represent  the  loads  on  the  left 
of  the  panel,  on  the  panel,  and  on  the  right  of  the  (m  +  i)st  panel,  respectively.  It  is  required 
to  find  the  position  of  the  loads  for  a  maximum  shear  in  the  panel. 
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With  a  load  unity  at  2'  the  shear  in  the  panel  is  —  w/»,  and  1-2  is  the  influence  shear  line  for 
loads  to  the  left  of  the  panel.  With  a  load  unity  at  3'  the  shear  in  the  panel  is  (n  —  m  —  i)/», 
and  the  line  3-4  is  the  influence  shear  line  for  loads  to  the  right  of  the  panel.  For  a  load  on  the 
panel  the  shear  will  vary  from  —  m/«  at  2'  to  («  —  f»  —  i)/«  at  3',  and  the  line  2-3  is  the  influence 
shear  line  for  loads  in  the  panel. 

The  influence  diagram  for  the  entire  span  is  the  polygon  1-2-3-4.  It  will  be  seen  that  the 
lines  1-2  and  3-4  are  parallel,  and  are  at  a  distance  unity  apart. 


TT;::^ 


14 


Fig.  3.    Influence  Diagram  for  Shear  in  a  Truss. 

The  total  shear  in  the  panel  will  then  be 

5  -  -  Pryi  +  Pt-yt  +  Pt-yt  (8) 

Now  move  the  loads  a  short  distance  to  the  left,  the  distance  being  assumed  so  small  that  the 
distribution  of  the  loads  will  not  be  changed,  and 

5  +  d5  =  -  Pi(yi  -  dy,)  +  Ptiyt  -  dyt)  +  Piiyt  +  dyt) 

Subtracting  (8)  from  (9),  and  solving  for  a  maximum 

dS  «  Pi'dyi  —  Pfdyi  +  Pvdyi  -  o 
But 

dy\  «  ix'tanai  «  dx/tfl, 

dyt  «  dx'tan  at  =  dx(n  —  !)/«•/, 
dyt  «  dx'tanat  «  dx/n'l; 
and  substituting  we  have 

dS  -  Pi-dx/n-l  -  Pt'dx(n  -  i)/«-/  +  Pt-dx/n-l  -  o 
Pi  -  Pt(n  -  i)  +  P,  =  o 


and 
and 


Pi+Pt  +  Pt  -Pf» 

Pt«(Pi+P.+Pi)/«. 


(10) 


From  (10)  it  follows  that  the  maximum  shear  in  the  panel  will  occur  when  the  had  on  the  panel 
is  equal  to  the  load  on  the  bridge  divided  by  the  number  of  panels  in  the  bridge. 

Uniform  Loads, — In  the  same  manner  as  for  bending  moment  in  Fig.  i,  it  can  be  proved 
that  the  shear  in  the  panel  due  to  a  uniform  load  on  the  truss,  in  Fig.  3,  is  equal  to  the  area  of 
the  influence  diagram  covered  by  the  load,  multiplied  by  the  intensity  of  the  uniform  load  per 
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linear  unit.  From  Fig.  3  it  will  be  seen  that  for  a  uniform  load  the  maximum  shear  in  the  panel 
will  occur  when  the  uniform  load  extends  from  the  right  abutment  to  that  point  in  the  panel  where 
the  line  2-3  passes  through  the  line  1-4  (where  the  shear  changes  sign).  For  a  minimum  shear 
in  the  panel  (maximum  shear  of  the  opposite  sign)  the  load  should  extend  from  the  left  abutment 
to  the  point  in  the  panel  where  the  shear  changes  sign.  For  equal  joint  loads,  load  the  longer 
segment  for  a  maximum  shear  in  the  panel,  and  load  the  shorter  segment  for  a  minimum  shear 
in  the  panel. 

TWflTimifm  Floorbeam  Reaction. — It  is  required  to  find  the  maximum  load  on  the  floorbeam 
at  2'  in  (a)  Fig.  4  for  the  loads  carried  by  the  floor  stringers  in  the  panels  i'-2'  and  2-3'. 


?3| 


■■'''  (b) 

Fig.  4.    Influence  Diagram  for  Maximum  Floorbeam  Reaction. 

In  (a)  the  diagram  1-2-3  is  the  influence  diagram  for  the  shears  at  2'  due  to  a  unit  load  at 
any  point  in  either  panel.  In  (b)  the  diagram  1-2-3  is  the  influence  diagram  for  bending  moment 
at  2'  for  a  unit  load  at  any  point  in  the  beam.  Now  the  diagram  in  (a)  differs  from  the  diagram 
in  (b),  only  in  the  value  of  the  ordinate  2-4.  It  will  be  seen  that  the  reaction  at  2'  in  (a)  may  be 
obtained  from  the  diagram  in  (b),  for  any  system  of  loads,  if  the  ordinates  are  multiplied  by 
(di  +  dt)ldi'dt.  We  can  therefore  use  diagram  (b)  for  obtaining  the  maximum  floorbeam  re- 
action, if  we  multiply  all  ordinates  by  (di  -f  dt)ldi*dt. 

To  obtain  the  maximum  floorbeam  reaction,  therefore,  take  a  simple  beam  equal  to  the  sum  of  the 
two  panel  lengths,  and  find  the  maximum  betting  moment  at  a  point  in  the  beam  corresponding  to 
the  panel  point.  This  maximum  moment  multiplied  by  (di  +  d^jdi'dt  will  be  the  maximum  floor* 
beam  reaction.  If  the  two  panels  are  equal  in  length  the  maximum  bending  moment  at  the  center 
of  the  beam  multiplied  by  2ld,  where  d  is  the  panel  length,  will  give  the  maximum  floorbeam 
reaction. 

MaTJmnm  Moment  in  the  Unloaded  Chord  of  a  Through  Warren  Truss.-— Let  Pi  in  Fig.  5 
represent  the  summation  of  the  moving  loads  on  the  left  of  the  panel  4-5',  Pj  represent  the  sum- 
mation of  the  moving  loads  on  the  panel,  and  Pi  represent  the  summation  of  the  moving  loads 
to  the  right  of  the  panel.  The  influence  diagram  for  the  point  2  is  the  diagram  1-4-5-3,  ^^^  ^^^^ 
1-4  and  5-3  are  the  same  as  for  a  point  on  the  loaded  chord,  while  the  influence  line  for  the  panel 
4-5'  is  the  line  4-5. 

Now  the  bending  moment  at  2  due  to  the  three  loads  is 

M  =  Pi-yi  -f  P,.y,  +  Pvyt  (11) 

Now  move  the  loads  Pi,  Ps,  Pi  a  short  distance  to  the  left,  the  distance  being  assumed  so 
small  that  the  distribution  of  the  loade  will  not  be  changed,  and 

M-^dMr.  p,(y^  -  dyi)  +  Ptiyt  -  dy^)  +  P,(y,  +  dyt)  (12) 

Subtracting  (11)  from  (12),  and  solving  for  a  maximum 

dJlf  =  -  Pi'dyi  -  Pt'dyt  +  Pt-dyt  -  o  (13) 

Now  dyi  B  (fa; 'tan  ai,  dyi  —  (2x*tan  at,  and  dyt  «  (2x>tan  at. 
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[L  —  yo  —  &  +  I)]  tan  at 

I 


tan  ai  B  (L  «  a)/L,  tan  at  »  a/L,  and  tan  as 
and  tan  as  «  (L'b  —  a'l)IL'l, 

Substituting  the  values  of  tan  ai,  tan  as  and  tan  at  in  (13)  we  have 

-  Pi(L  -  a)IL  -  P,(L-6  -  a'l)/L'l  +  P.-a/L  -  o 
Solving  and  placing  P  ■»  Pi  +  Ps  +  Pji  we  have 

P/L-(i>i./  +  P,.6)/a./ 
Equation  (14)  is  the  criterion  required. 


k'jb'M 


(g  —  b)  tan  ai 


(14) 


Fig.  5. 


Influence  Diagram  for  Moments  in  the  Unloaded  Chord  of  a  Through 
Warren  Truss. 


MaTimmn  Stresses  in  a  Bridge  with  Inclined  Chords. — Let  Ut^'  be  a  web  member  in  a  truss 
with  inclined  chords  in  Fig.  6.  Point  A  is  the  intersection  of  the  upper  chord  Ut  Ut  and  the  lower 
chord  2^4'.  The  stress  in  Ut^'  equals  the  moment  of  the  external  forces  about  the  point  A, 
divided  by  the  arm  c.  The  stress  in  the  web  member  C/14'  will  then  be  a  maximum  when  the 
bending  moment  at  i4  is  a  maximum.  To  draw  the  moment  influence  diagram  for  the  point  A, 
calculate  the  bending  moments  about  A  for  the  unit  loads  at  2'  and  4'.  With  a  load  unity  at  4' 
the  moment  at  i4  is  (L  —  a  —  /)e/L,  and  with  a  load  unity  at  2'  the  moment  at  A  13  (L  —  a)elL 
—  (a  4-  e),  a  negative  quantity.  Laying  off  4-6  and  2-7  equal  to  these  moments,  the  influence 
diagram  for  bending  moment  at  A  is  the  polygon  1-2-4-5. 

The  maximum  stress  in  Ut/^'  occurs  when  some  of  the  wheels  at  the  head  of  the  train  are  in 
the  panel  2'4',  and  in  unusual  cases  only,  when  a  load  is  to  the  left  of  2'.  Load  Ps  representing 
the  summation  of  the  loads  to  the  left  of  4'  will  always  come  in  the  panel  2'4'.  Load  Pt^  repre- 
senting the  summation  of  the  loads  to  the  right  of  the  panel,  will  always  come  to  the  right  of  the 
panel  2V<    Now  the  moment  at  A  is 

M  ^  Pt^yt '\- Pt-yt  (15) 

Now  move  the  loads  a  differential  distance  to  the  left,  it  being  assumed  that  the  distribution  of  the 
loads  is  not  changed,  and 

Af  +  (iJlf  =  Ptiyt  -  dy^)  +  Ptiyt  +  dyt)  (16) 


Subtracting  (15)  from  (16),  and  solving  for  a  maximum  we  have 

dM  -  ~  Pt'dyt  +  Pfdyt  «  o 


(17) 
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Now  dyt  a  (ix'tan  at,  and  dyi  «»  dx'tan  az,  and  * 

—  Pj-tanaj +P8-tanai  -  o  (i8) 

and  if  P  -  Pj  +  -P», 

PK5-S)  -  ^1/(3-^)  (19) 

Now  tan  at  ^  ^  {l-e/L  --  a  --  e)ll,  and  tan  a»  =  e/L,  and  substituting  in  (i8)  we  have 

P/L  =  Ptd  +  a/«)//  (20) 

which  is  the  criterion  required. 

Now  for  a  uniform  load  the  maximum  stress  in  the  member  L^i4'  will  occur  when  the  truss  is 
loaded  from  the  right  abutment  to  the  point  3',  while  the  minimum  stress  will  occur  when  the 
load  extends  from  the  left  abutment  to  the  point  3'.  The  critical  point  3  can  be  calculated  by 
drawing  the  lines  Af-2 -3'  and  i\r-4 -3'.  For  wheel  loads  no  load,  should  in  general,  pass  3' 
from  the  right  to  give  a  maximum  stress  in  the  member. 

.A. 


Fig.  6. 

By  substituting  e  •■  eo  in  (20)  we  have  the  criterion  for  maximum  shear  in  a  panel  of  a  bridge 
with  parallel  chords. 

Resolution  of  the  Shear. — In  Fig.  7  the  stresses  U,  D  and  L  hold  in  equilibrium  the  external 
forces  on  the  left  of  the  section  cutting  these  members.  These  external  forces  consist  of  a  left 
reaction,  R,  at  the  left  abutment  and  a  force  at  2,  equal  to  the  reaction  of  the  stringer  2-3.  The 
resultant,  5,  of  these  two  forces  acts  at  a  point  a  little  to  the  left  of  the  left  reaction.  Its  position 
may  be  determined  by  moments.  Referring  to  Fig.  7,  let  the  resultant,  5,  be  replaced  by  the 
two  forces  Pi  and  Pi,  Pi  acting  upwards  at  i  and  Ps  acting  downward  at  3  as  shown.  Now  taking 
moments  about  point  i,  and 

Sa  -  P,./  (21) 

Now  the  bending  moment  at  i  equals  Af  1,  and 

P,  -  s-a/l  -  Mill 


(22) 
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SimUarly  by  taking  moments  at  3,  we  have 

S{a  +  /)  «  Pr/,  but  5(ai  +  /)  =  Jf,,  and  Pi  =-  Mt/l 
Now 

S  -'Pi-Pt=^  Mill  -  Mtll 
where  5»  shear  in  panel. 
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(23) 


t        \       \      \' 


L  \J^  i_!?. 


.0 
c 


u 

lb) 


Fig.  7. 

Momeiit  Diagram. — ^A  moment  diagram  for  Cooper's  Class  £60  loading  is  given  in  Table  II, 
the  loading  for  maximum  moment  at  joints  in  the  loaded  chord  of  truss  bridges  is  given  in  Table  III. 

The  details  of  the  calculation  of  the  stresses  in  a  bridge  with  parallel  chords  is  given  in 
Problem  23,  Chapter  VII,  and  the  details  of  the  calculation  of  the  stresses  in  a  bridge  with  in- 
clined chords  is  given  in  Problem  24,  Chapter  VII. 
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CHAPTER  V. 
Stresses  in  Lateral  Systems. 

Introduction. — The  wind  loads  on  bridges  are  carried  to  the  abutments  by  the  lateral  systems. 
In  a  through  truss  bridge  the  lateral  systems  usually  consist  of  the  top  lateral  system,  the  bottom 
lateral  system,  the  intermediate  bents  or  sway  bracing  between  the  intermediate  posts,  and  the 
portals  in  the  planes  of  the  end-posts  as  shown  in  Fig.  i.  Chapter  VIII.  In  shallow  through  truss 
bridges  the  sway  bracing  is  sometimes  omitted;  in  deck  trusses  the  portals  are  replaced  by  sway 
bracing;  while  in  low  trusses  the  bottom  lateral  system  only  is  used. 


I^5tn0 


1^5/fffi 


fbrfaf 


ni' 


-i. 


Intermediate 
3ent 


Bottom  Lafera/ 6y3tem 
Fig.  I. 


Wind  Loads. — ^The  wind  loads  are  usually  given  in  specifications  as  a  certain  number  of 
pounds  per  lineal  foot  of  bridge  or  per  square  foot  of  exposed  surface.  The  wind  load  is  usually 
taken  at  30  lb.  per  square  foot  of  exposed  surface  when  the  live  load  is  on  the  bridge  and  at  50 
lb.  per  square  foot  of  exposed  surface  when  the  bridge  is  unloaded. 

The  usual  specification  for  highway  bridges  is:  A  wind  load  of  150  lb.  per  lineal  foot  of  bridge 
on  the  unloaded  chord  to  be  treated  as  a  dead  load,  and  a  wind  load  of  300  lb.  per  lineal  foot  of 
bridge  on  the  loaded  chord,  150  lb.  of  which  is  to  be  treated  as  a  dead  load  and  150  lb.  to  be  treated 
as  a  live  load.  In  railroad  bridges  the  dead  load  wind  is  usually  taken  the  same  as  for  highway 
bridges,  while  the  live  load  wind  is  taken  at  450  lb.  to  600  lb.  per  lineal  foot.  For  extracts  from 
standard  specifications,  see  Chapter  IX. 

STRESSES  IN  LATERAL  SYSTEMS.—In  the  through  Pratt  truss  bridge  in  Fig.  i  the 
wind  joint  loads  on  the  upper  chord  are  equal  to  £/,  while  the  joint  loads  on  the  lower  chord  are 
equal  to  L.    Where  sway  bracing  is  used,  part  of  the  upper  chord  loads  are  transferred  to  the  lower 
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lateral  system  by  the  sway  bracing.  The  exact  amount  thus  transferred  is  statically  indeter- 
minate, but  is  usually  assumed  as  UI2  at  all  joints  having  sway  bracing.  This  load  UI2  produces 
a  vertical  load,  K,  at  each  joint  in  the  vertical  trusses,  which  acts  downward  on  the  leeward  and 
upward  on  the  windward  side  of  the  bridge.     Each  portal  transfers  the  load  carried  to  the  hip 


T        kh-^y— H        T 


Fig.  2. 

joint  by  the  upper  lateral  system,  and  the  load  at  the  hip  joint  to  the  abutments.  This  produces 
a  tension  V'SltiS  in  the  bottom  chord  on  the  leeward  side  and  a  compression  V'smB  in  the  bottom 
chord  on  the  windward  side. 

In  addition  to  the  wind  loads. on  the  top  chord  that  are  transferred  to  the  bottom  lateral 
system,  the  wind  load  on  the  train  of  cars  on  steam  and  electric  railway  bridges,  increases  the 
loading  on  the  vertical  trusses  on  the  leeward  side  and  decreases  the  loading  on  the  windward 
side  of  the  bridge  as  shown  in  Fig.  2.  This  increase  or  decrease  in  vertical  loading  can  be  calcu- 
lated by  taking  moments  about  the  line  of  the  pins  in  the  lower  chord.  The  wind  load  acting  on 
the  train  is  usually  specified  as  applied  six  feet  above  the  base  of  the  rail. 


IIXXIXIXMXIXKX 


Fig.  3.    Skew  Bridge. 

Skew  Bridge. — In  a  skew  bridge  the  abutments  are  not  at  right  angles  to  the  center  line 
of  the  bridge.  This  gives  a  warped  portal,  and  ties  which  are  not  vertical  unless  the  bridge  is 
skewed  one  entire  panel  as  is  shown  in  Fig.  3,  which  is  the  common  practice. 
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STRESSES  IN  LATERAL  SYSTEMS. 


Chap.  V. 


Initial  Stresses. — In  (a)  Fig.  4  tlie  diagonal  lateral  rods  have  an  initial  stress  of  10,000  lb. 
in  each  rod.  In  (b)  the  lateral  truss  is  loaded  with  loads  of  12,000  lb.  at  joints  B,  C  and  D,  pro- 
ducing stresses  as  shown.  In  (c)  the  combined  stresses  due  to  direct  loads  and  the  initial  stresses 
are  shown.  The  stresses  in  the  chords  and  struts  can  now  be  calculated  by  algebraic  resolution. 
The  stresses  are  combined  as  follows:  In  panel  B-Ceach  rod  has  an  initial  stress  of  10,000  lb., 
and  in  addition  must  transfer  a  wind  shear  of  6,000  lb.  or  an  inclined  stress  of  9,000  lb.  Half  of 
the  9,000  lb.  or  4,500  lb.  will  be  added  to  the  initial  stress  in  Be,  making  the  stress  —  14,500  lb., 


B 


(a) 


X 

^ 

w 

X 

a  b  c  d  e 

StfT9je:f  in  Dktqortab  due  folnittai  Tinmen 

A        sliiax)   cinooo   0^12000     £ 


92000  5Bchf 6000  Ib5.  ^ 

&resse5  in  Diaqonah  due  to  Wind  Load 
A  aifiOOO      C\l2000     D\i2000      £ 


ct  b  c  d  € 

CombinedStresses  due  foMnd  and Ihitial  Tension 
Fig.  4. 

while  4,500  lb.  will  be  subtracted  from  the,  initial  stress  in  C6,  making  the  stress  —  5,500  lb. 
In  panel  A-B  the  initial  stress  in  aB  is  entirely  relieved  by  the  direct  stress,  while  the  initial  stress 
xn  Ah\&  increased  by  the  direct  stress  remaining  after  the  initial  stress  of  10,000  lb.  was  relieved 
in  aB,  or  17,000  lb.,  making  the  total  stress  in  i46  —  —  10,000  —  17,000  —  —  27,000  lb.,  the 
same  as  if  there  had  been  no  initial  stress  in  the  panel.  This  solution  is  based  on  the  mathematical 
principle  "  Thai  if  a  load  may  he  carried  from  one  point  to  another  by  more  than  one  route,  it  will 
be  divided  between  the  routes  in  proportion  to  the  rigidities  of  the  routes"  In  the  problem  above  the 
two  routes  are  assumed  to  have  the  same  rigidities. 

PORTALS. — Portal  bracing  is  placed  at  the  ends  of  through  bridges  in  the  planes  of  the 
end-posts  to  transfer  the  wind  loads  from  the  upper  lateral  system  to  the  abutments.  The  stresses 
in  the  sway  bracing  placed  in  the  planes  of  the  intermediate  posts  are  calculated  in  the  same 
manner  as  the  stresses  in  portal  bracing.  Portal  bracing  should  be  designed  so  that  the  stresses 
will  be  statically  determinate.  Several  different  types  of  portals  are  shown  in  Fig.  5.  Types  (a), 
(b)  and  (d)  are  the  types  most  used  for  highway  bridges.  The  lower  ends  of  the  end-posts 
may  be  hinged  (free  to  turn),  or  fixed.  The  criterion  for  determining  whether  the  end-posts 
are  fixed  or  not  will  be  discussed  in  Chapter  VI. 

Case  L  Stresses  in  Simple  Portals:  End-posts  Hinged.-^The  deflections  of  the  posU  in 
the  portals  shown  in  Fig.  5  are  assumed  to  be  equal,  and 

JET  -  ^'  -  RI2 

Taking  moments  about  the  foot  of  the  windward  post 

V  -  -  V  -  R'h/s  (i) 

Having  found  the  external  forces,  the  stresses  in  the  members  may  be  found  by  either  algebraic 
or  graphic  methods. 
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Algebraic  Solution.  Portal  (a). — To  obtain  the  stress  in  member  G-C,  (a)  Fig.  5,  pass  a 
section  cutting  G-F,  E-F  and  G-C,  and  take  moments  of  the  external  forces  to  the  right  of  the 
section,  about  point  F  as  a  center. 

G-C  «  -  H'hIlQi  -  d)  sin  e]  (2) 

But  H  as  RI2,  and  (A  —  <i)  sin  ^  ■•  Jf -cos  B,    Substituting  these  values  in  (2)  we  have 

G-C  =  -  R'hKs'COS  «)  =  -  7-sec  e  (3) 

Resolving  at  C  and  F  we  have,  stress  in  E-F  =  o,  and  also  stresses  £-£'  and  H-£'  «  o. 
To  obtain  stress  in  G-D,  pass  section  cutting  H-G,  H-E'  and  G-D,  and  take  moments  of  the 
external  forces  to  the  left  of  the  section,  about  point  17  as  a  center. 

G-D  -  H'kllih  -  d)  sin  ^1 


+  .V.secd 


(4) 


To  obtain  stress  in  G-F,  pass  a  section  cutting  G-F,  E-F  and  G-G,  and  take  moments  of 
the  external  forces  to  the  right  of  the  section,  about  point  G  as  a  center 


G-F  =  +  lR{h  -d)+  H'd\l(h  -  d) 


(5) 


To  obtain  stress  in  JEf-G,  pass  a  section  cutting  -ff-G,  H-E'  and  G-D,  and  take  moments  of 
the  external  forces  to  the  left  of  the  section,  about  the  point  I?  as  a  center. 

H-C  -  -  H'dlih  -  d)  (6) 

The  stress  in  the  windward  post,  A-F,  is  zero  above  and  V  below  the  foot  of  the  knee  brace 
Ci  the  stress  in  the  leeward  post  is  zero  above  and  F'  below  the  foot  of  the  knee  brace  D, 

The  shear  in  the  posts  is  H  below  the  foot  of  the  knee  brace,  and  above  the  foot  of  the  knee 
brace  is  given  by  the  formula 

S  -  H'dlih  -  d)  -  stress  in  H-C  (7) 
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The  maximum  moment  in  the  posts  occurs  at  the  foot  of  the  knee  braces  C  and  D,  and  is 

M  -  H'd  (8) 

For  the  actual  stretises,  moments  and  shears  in  a  portal  of  this  type,  see  Fig.  6. 

Portal  (6). — ^The  stresses  in  portal  (b)  Fig.  5,  are  found  in  the  same  manner  as  in  portal  (a). 
The  graphic  solution  of  a  similar  portal  with  one  more  panel  is  given  in  Fig.  7,  which  see.  It 
should  be  noted  that  all  members  are  stressed  in  portals  (b)  and  (d). 

Portal  (c). — ^The  stresses  in  portal  (c)  Fig.  5,  may  be  obtained  (i)  by  separating  the  portal 
into  two  separate  portals  with  simple  bracing,  the  stresses  found  by  calculating  the  separate 
simple  portals  with  a  load  »  ^R,  being  combined  algebraically,  to  give  the  stresses  in  the  portal; 
or  (2)  by  assuming  that  the  stresses  are  all  taken  by  the  system  of  bracing  in  which  the  diagonal 
ties  are  in  tension.    The  latter  method  is  the  one  usually  employed  and  is  the  simpler. 

Maximum  moment,  shear  and  stresses  in  the  posts  are  given  by  the  same  formulas  as  in  (a) 
Fig.  5. 

Portal  («). — In  portal  (e)  Fig.  5,  the  flanges  G-F  and  Z>-C  are  assumed  to  take  all  the  bending 
moment,  and  the  lattice  web  bracing  is  assumed  to  take  all  the  shear.  The  maximum  compression 
in  the  upper  flange  G~F  occurs  at  F,  and  is 

G-F  -  +  lR{k  -  J)  +  H'dlKh  -  d)  (9) 

The  maximum  tension  in  the  upper  flange  G-F  is 

G-F'^  -  H'dKh  -  d)  (10) 

The  maximum  stress  in  the  lower  flange  D-C  is 

D-C^  zhH'hlQi-d)  (II) 

maximum  tension  occurring  at  C,  and  maximum  compression  occurring  at  D, 

The  maximum  shear  in  the  portal  strut  is  V,  which  is  assumed  as  taken  equally  by  the  lattice 

members  cut  by  a  sectioq^  as  a-a. 

Maximum  moment,  shear  and  stresses  in  the  posts  are  given  by  the  same  formulas  as  in  (a) 

Fig.  5. 

Portal  (/ ). — ^The  maximum  moment  in  the  portal  strut  I-F  in  (f)  Fig.  5,  occurs  at  H  and  G, 

and  is 

M'^  +H'h-V'a  (12) 

The  maximum  direct  stress  in  H-C  is  +  H,  and  in  I-H  is 

I-H  -  -  H'dKh  -  d)  (13) 

The  maximum  stress  in  G-F  is  given  by  formula  (5). 

The  maximum  shear  in  girder  I-F  is  equal  to  V.  The  stress  in  G-C  is  —  V'secB  and  in 
H-D  is  +  7 •  sec  ^,  as  in  (a)  Fig.  5. 

Portal  strut  I-F  is  designed  as  a  girder  to  take  the  maximum  moment,  shear  and  direct  stress. 

Maximum  moment,  shear  and  stresses  in  the  posts  are  given  by  the  same  formulas  as  in 
(a)  Fig.  5. 

Graphic  Solution. — ^To  make  the  solution  of  the  stresses  statically  determinate,  replace  the 
posts  in  the  portals  with  trussed  framework  as  in  Fig.  6.  The  stresses  in  the  interior  members 
are  not  affected  by  substituting  the  dotted  members,  and  will  be  correctly  given  by  graphic 
resolution. 

As  before  H  =  H'  =»  RI2  and  7  =  -  7'  =  R-h/s. 

Having  the  calculated  H,  H\  V  and  V,  the  stresses  are  calculated  by  graphic  resolution  as 
follows:  Beginning  at  the  base  of  the  column  i4,  lay  off  A-^  =  7  =  3,000  lb.  acting  downward, 
and  A-a  «  IT  =»  1,000  lb.  acting  to  the  right.  Then  a-i  and  4-1  are  the  stresses  in  members 
a-i  and  4-1,  respectively,  heavy  lines  indicating  compression  and  light  lines  tension.     At  joint  in 
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auxiliary  truss  to  right  of  C  the  stress  in  i-a  is  known  and  stresses  in  1-2  and  2-a  are  found  by 
closing  the  polygon.  The  stresses  in  the  remaining  members  are  found  in  like  manner,  taking 
joints  C,  £,  F,  etc.,  in  order,  and  finally  checking  up  at  the  base  of  the  post  B,  The  full  lines  in 
the  stress  diagram  represent  stresses  in  the  portal;  the  dotted  lines  represent  stresses  in  the 
auxiliary  members  or  stresses  in  members  due  to  auxiliary  members,  and  are  of  no  consequence. 
The  shears  and  moments  are  shown  in  the  diagram. 


Jt^h^  '  ^^^^6  'ZOOO 


Shear 
17  6 

r ,■? 


Portal 


yv=3ooo 


Columns  Hinged 
Stress  Diagram 

i 


woo   2000  3000 
I         I I 


Compression 
tension  


Simple  Portal  as  a  Three-Hiiiged  Arch. — In  a  simple  portal  the  resultant  reactions  and  the 
external  load,  R^  meet  in  a  point  at  the  middle  of  the  top  strut,  and  the  portal  then  becomes  a 
three-hinged  arch  ("Design  of  Steel  Mill  Buildings,"  Chapter  XIII),  provided  there  is  a  joint 
at  that  point  (point  5,  Fig.  7). 
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In  Fig.  7  the  reactions  were  calculated  graphically  and  the  stresses  in  the  portal  were  calcu- 
lated by  graphic  resolution.    Full  lines  in  the  stress  diagram  represent  required  stresses  in  the 

If-"  h^-^^^^  -5500-5^*5000*5500.  R=Z0OO 


^  J92000 
in.  lb. 


mj  0  <'5ooo\  ^x 


Moment    Shear  ^   ' 


M-- -5=16-0"- -^> 


I  Ci 


I  ' 


!  SS 


Y 


Columns  Hingedl 
Stress  Diagram 

I 


1000  2000  3000 
-J I I 


Compression* 
Tension 


Fig.  7. 

members.     Stresses  3-2  and  11-12  were  determined  by  dropping  verticals  from  points  3  and  11 
to  the  load  line  4-10. 

Case  n.  Stresses  in  Simple  Portals.  Posts  Fixed, — ^The  calculation  of  the  stresses  in  a 
portal  with  posts  fixed  at  the  base  is  similar  to  the  calculation  of  stresses  in  a  transverse  bent  with 
colunms  fixed  at  the  base.*    The  point  of  contra-flexure  is  at  the  point 


>^  -  W2) 


2d+h 


(14) 


measured  up  from  the  base  of  the  post.    The  point  of  contra-flexure  is  usually  taken  at  a  point 
a  distance  dl2  above  the  bases  of  the  posts. 

♦  See  the  author's  book  "The  Design  of  Steel  Mill  Buildings,"  Chapter  XI. 
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Fig.  8. 

The  stresses  in  a  portal  with  posts  fixed  may  be  calculated  by  considering  the  posts  hinged 
at  the  point  of  contra-flexure  and  solving  as  in  Case  i. 

Algebraic  Sdution. — In  Fig.  8  we  have 

H  ^H'  ^Rl2 
and 


Having  found  the  reactions  H  and  H\  V  and  V,  the  stresses  in  the  members  are  found  by 
taking  moments  as  in  (a)  Fig.  5,  considering  the  posts  as  hinged  at  the  point  of  contra-flexure. 
The  shear  diagram  for  the  posts  is  as  shown  in  (a)  and  the  moment  diagram  as  in  (c),  Fig.  8. 

Graphic  Soltttion. — ^The  stresses  in  the  portal  in  Fig.  8  have  been  calculated  by  graphic 
resolution.  This  problem  is  solved  in  the  same  manner  as  the  simple  portal  with  hinged  posts 
in  Fig.  6. 

For  the  calculation  of  the  stresses  in  a  portal,  see  Problem  25,  Chapter  VII. 
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CHAPTER  VI. 

Stresses  in  Pins,  Eccentric  and  Combined  Stresses,  Deflection  of 
Trusses,  Stresses  in  Rollers,  and  Camber. 

STRESSES  IN  PINS. — ^A  pin  under  ordinary  conditions  is  a  short  beam  and  must  be  de- 
signed (i)  for  bending,  (2)  for  shear,  and  (3)  for  bearing.  If  a  pin  becomes  bent  the  distribution 
of  the  loads  and  the  calculation  of  the  stresses  are  very  uncertain. 

The  cross-bending  stress,  S,  is  found  by  means  of  the  fundamental  formula  for  flexure, 
5  '^M'c/I,  where  the  maximum  bending  moment,  if,  is  found  as  explained  later;  /  is  the  moment 
of  inertia;  and  c  is  one-half  the  diameter  of  a  solid  or  hollow  pin. 

The  safe  shearing  stresses  given  in  standard  specifications  are  for  a  uniform  distribution  of 
the  shear  over  the  entire  cross-section,  and  the  actual  unit  shearing  stress  to  be  used  in  designing 
will  be  equal  to  the  maximum  shear  divided  by  the  area  of  the  cross-section  of  the  pin. 

The  bearing  stress  is  found  by  dividing  the  stress  in  the  member  by  the  bearing  area  of  the 
pin,  found  by  multiplying  the  thickness  of  the  bearing  plates  by  the  diameter  of  the  pin. 

Calculatioii  of  Stresses. — ^The  method  of  calculation  will  be  illustrated  by  calculating  the 
stresses  in  the  pin  at  Ui  in  (a)  Fig.  i.     In  the  complete  investigation  of  the  i>in  Ui,  it  would  be 


3kieP/xidM 
if  Uz 


i-i A  I 


^CLof  Members 


Pin  Packing, 
(b) 
Qf^-.,w  L2y^j!^k\qfihm\o  Moments. 
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if        ^    Atlomentsaf 


^1 


[  t^i  1-0^" 
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Force  D\OLqram'3\re:>^e:>  U|. 
(c) 


T    id) 

Total  tloment  at  4^0 
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i-mAmo,53''d76eo 
sL    -:L^    'Oe50O'i35-2Odm'^ 

^3L ^42—1  Vertical  Components. 
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Fig.  I.    Stresses  in  a  Pin;  Algebraic  Solution. 
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necessary  to  calculate  the  stresses  when  the  stress  in  UiUt  was  a  maximum,  and  when  the  stress  in 
UiLt  was  a  maximum.  Only  the  case  where  the  stress  in  UiUtis^  maximum  will  be  considered. 
However,  maximum  stresses  in  pins  sometimes  occur  when  the  stress  in  UiLt  is  a  maximum,  and 
this  case  should  be  considered  in  practice. 

Bending  Moment — ^The  stresses  in  the  members  are  shown  in  (c)  Fig.  i,  which  gives  the 
force  polygon  for  the  forces.    The  makeup  of  the  members  is  shown  in  (a),  and  the  pin  packing 
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Fig.  2.    Stresses  in  a  Pin;  Graphic  Solution. 

on  one  side  is  shown  in  (b).  The  stresses  shown  in  (c)  are  applied  one-half  on  each  side  of  the 
member,  the  pin  acting  like  a  simple  beam.  The  stresses  are  assumed  as  applied  at  the  centers 
of  the  members. 

AlgdM^aic  Method. — ^The  amounts  of  the  forces  and  the  distances  between  their  points  of 
application  as  calculated  from  (b)  are  shown  in  (d)  Fig.  i.  The  horizontal  and  vertical  compo- 
nents of  the  forces  are  considered  separately,  the  maximum  horizontal  bending  moment  and  the 
maximum  vertical  bending  moment  are  calculated  for  the  same  point,  and  the  resultant  ^noment 
is  then  found  by  means  of  the  force  triangle. 

In  (d)  the  horizontal  bending  moments  are  calculated  about  the  points  i,  2, 3, 4;  the  maximum 
horizontal  moment  is  to  the  right  of  3,  and  is  208,600  in. -lb.    The  vertical  bending  moments  are 
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calculated  about  points  5,  6,  7,  8;  the  maximum  vertical  bending  moment  is  to  the  right  of  8, 
and  is  283,000  in.-lb.  The  maximum  bending  moment  is  at  and  to  the  right  of  4  and  8,  and  is 
^208,600*+  283,000*  =  351,600  in.-lb.  Substituting  in  the  formula  5  —  M-c/I,  the  maximum 
bending  stress  is  5  >-  16,600  lb.  The  allowable  bending  stress  for  which  this  bridge  was  desig^zied 
was  18,000  lb.  per  square  inch. 

Graphic  Method. — The  amounts  of  the  forces  and  the  distances  between  their  points  of 
application  are  shown  in  (b)  Fig.  2.  The  force  polygon  for  the  horizontal  components  is  given 
in  (c),  and  the  bending  moment  polygon  is  given  in  (a).  The  maximum  horizontal  ben<ling 
moment  will  be  to  the  right  of  3,  and  will  be  H  X  y  —  200,000  X  1.04  =  208,000  in.-lb.  The 
force  polygon  for  the  vertical  forces  is  given  in  (d),  and  the  bending  moment  polygon  is  given  in 
(e).  The  maximum  vertical  bending  moment  is  to  the  right  of  8,  and  is  ^  X  y  »  200,000  X  1 .42 
»  284,000  in.-lb.  The  maximum  bending  moment  will  occur  at  and  to  the  right  of  4  and  8, 
and  will  be  351,000  in.-lb.,  as  shown  in  (f). 

Shear. — ^The  shear  is  found  for  both  the  horizontal  and  vertical  components  as  in  a  simple 
beam,  and  is  equal  to  the  summation  of  all  the  forces  to  the  left  of  the  section.  The  horizontal 
shear  diagram  is  shown  in  (g),  and  the  vertical  shear  diagram  is  shown  in  (h)  Fig.  2.  The  maxi- 
mum horizontal  shear  is  between  i  and  2,  and  is  165,400  lb.  The  shear  between  2  and  3  is 
165,400  —  99,300  —  66,100  lb.  The  maximum  vertical  shear  is  between  6  and  7,  and  is  1 26,300  lb. 
The  resultant  shear  between  2  and  3,  and  6  and  7,  is  Vi  26,300*  -f-  66,ioo*  -  145,000  lb.  as  in 
(i),  which  is  less  than  the  horizontal  shear  between  i  and  2.  The  maximum  shear,  therefore, 
comes  between  i  and  2,  and  is  165,400  lb.  The  maximum  shearing  unit  stress  is  5,750  lb.  The 
allowable  shearing  stress  was  9,000  lb. 

Bearing. — ^The  bearing  stress  in  LoUi  is  160,650  -»•  6  X  1-94  ""  13,800  lb.  Bearing  stress 
in  UiUi  is  165,400  +  6  X  1.88  =  14,600  lb.  Bearing  stress  in  UiLi  is  42,200  •*-  6  X  0.89  = 
7,900  lb.  Bearing  stress  in  UiLt  is  107,000  +  6  X  lA  ~  12,400  lb.  The  allowable  bearing 
stress  was  15,000  lb.  per  sq.  in. 

COMBINED  AND  ECCENTRIC  STRESSES.— The  combined  stress  due  to  direct  and 
cross-bending  in  a  tie  or  strut  is  given  by  the  formula* 

/-/.±/.-J=t-^  (I) 

where  P  »  total  direct  stress  in  the  member  in  lb.; 
/  «  length  of  the  member  in  in.; 

I  B  moment  of  inertia  of  the  member  in  in.  to  the  fourth  power; 
c  »  distance  in  in.  from  the  neutral  axis  to  the  most  remote  fiber  on  the  side  for  which 

the  stress  is  desired; 
E  —  modulus  of  elasticity  of  the  material  in  lb.  per  sq.  in.; 
A  «  area  of  the  member  in  sq.  in.; 
/i  ■■  fiber  stress  due  to  cross-bending; 
ft  —  PI  A  —  direct  unit  stress; 
Ml  «  bending  moment  on  the  section  in  in.-lb.; 
ib  —  a  coefficient  depending  upon  the  method  of  loading  and  the  condition  of  the  ends, 
and  is  usually  taken  as  10  for  struts  with  hinged  ends,  24  for  struts  with  one  end 
hinged  and  the  other  end  fixed,  and  32  for  both  ends  fixed. 
The  plus  sign  in  the  denominator  of  (i)  is  to  be  used  when  P  is  a  tensile  stress,  and  the  minus 
sign  is  to  be  used  when  P  is  a  compressive  stress.     If  the  member  is  inclined  at  an  angle  $  to  the 
vertical,  the  stress  /i  should  be  multiplied  by  sin  9,    For  an  eccentric  stress  the  bending  moment 
*  For  the  derivation  of  this  formula,  see  "Steel  Mill  Buildings,"  Chapter  XV. 
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is  Ml  ^  P'C,  where  P  is  the  total  direct  stress  in  the  member  and  e  is  the  eccentricity  of  the  load 
in  in.  (distance  from  the  line  of  action  of  the  force  to  the  neutral  axis  of  the  member). 

Combined  Compression  and  Cross-bending. — The  method  of  calculating  direct  and  cross- 
bending  stresses  will  be  illustrated  by  calculating  the  stresses  in  the  end-post  of  a  bridge,  Fig.  3, 
due  to  direct  compression,  weight,  eccentricity  of  loading,  and  wind  moment. 

End-Post. — Design  the  end-post,  Fig.  3,  for  a  160  ft.  span  through  highway  bridge.  Panel 
length,  20'  o";  depth  of  truss  c.  to  c.  of  pins,  24'  o";  length  of  end-post,  31'  3".  The  direct 
stresses  are  as  follows:  dead  load  stress  «  30,000  lb.;  live  load  stress  ™  60,000  lb.;  impact  = 


.^7#r^'^Mr 


ro 


F*4000 


R'4000 


a '8.87 


Fig.  3.    End- Post  of  a  Highway  Bridge. 

100/(160  +300)  X  60,000  >-  13,000  lb.;  total  direct  stress  due  to  dead  load,  live  load  and 
impact  ■■  103,000  lb.  The  bridge  is  to  be  a  class  C  bridge  designed  according  to  the  "General 
Specifications  for  •  Highway  Bridges,"  in  Appendix  I.  From  §  38  of  the  specifications  the  allowable 
unit  stress  is  /«  «  16,000  —  70  //r.  The  section  will  be  made  of  two  channels  and  one  cover  plate. 
Try  a  section  made  of  two  10  in.  channels  @  15  lb.,  and  one  14  in.  by  A  in.  plate,  (&),  Fig.  3. 
From  Table  17,  Appendix  HI,  the  radius  of  gyration  about  horizontal  axis  A-A^  is  rji  *■  3.99 
in.,  and  about  the  vertical  axis  B-B  is,  yb  =  4.67  in.,  and  the  eccentricity  is,  €  =  1.70  in.    The 


allowable  stress  is  then  /<  »  16,000  — 


70  X  375 
3.99 


9,400  lb.  per  sq.  in.    The  required  area  will 


be  «  103,000  +  9,400  —  10.96  sq.  in.  The  actual  area  is  13.30  sq.  in.  While  the  section  ap- 
pears to  be  excessive,  it  will  be  investigated  for  stress  due  to  weight,  eccentric  loading  and  wind 
before  rejecting  it. 

The  area,  radii  of  gyration  and  the  eccentricity  may  be  calculated  as  follows. 
To  calculate  the  area 

area  of  two  10  in.  channels  »    8.92  sq.  in. 

area  of  one  14  in.  by  A  in.  plate  »    4.38  sq.  in. 

Total  area  »  i3-30  sq.  in 
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To  locate  the  neutral  axis  A-A,  take  moments  about  the  lower  edge  of  the  channeb 

^^8.92X5+4.38X10.156  .  .„ 

13.30 

The  eccentricity  is  «  -  6.70  —  5.00  ■■  1.70  in.  The  moment  of  inertia  I  a,  about  axis  A-A 
may  be  calculated  as  follows: 

Let  Ic  >"  /  of  channels  about  center  of  channels. 
/,  »  /  of  plate  about  center  of  plate. 
Ac  ^  area  of  channels. 
Ap  «  area  of  plate. 

Then  /^  -/.  +  /,  +  ^4.  X  1.70*  -{- A,  X  3.456*. 

-  2  X  66.9  +  0.04  +  8.92  X  i.70«  +  4.38  X  3.456^ 

-  133.8  +  0.04  +  25.76  +  52.20 
■■  211.80  in.*    

Then  ta  =  V/a  +  A  -  V211.80  4-  13.3  -  3.99  in. 

The  moment  of  inertia  Ib,  about  axis  B-B  may  be  calculated  as  follows. 

Let  Je'  >"  /  of  channels  about  neutral  axis  parallel  to  the  web. 
'   1/  »  I  of  plate  about  vertical  axis. 
Ac  ^  area  of  channels. 

From  Table  17,  Appendix  III,  the  distance  back  to  back  of  channels  is  8}  in.  The  distance 
from  neutral  axis  to  back  of  channel  is  0.639  in.  The  distance  from  neutral  axis  of  channels  to 
axis  B-B  is  4.25  +  0.639  «  4.889  in.  (4.89  in.  will  be  used). 

Then  Ib  -  //  +  Ip  +  Ac  X  4.89" 

=  4.60  +  71.46  H-  8.92  X  4.89* 

-  4.60  -h  71.46  +  213.28 

-  289.34  'P.* 

Then  rs  «  V/b +  -4  -  V289.34  -r  13.3  =  4.67  in. 

Stress  Due  to  Weight  of  Member, — ^The  total  weight  of  the  member  will  be 

Two  10  in.  channels  @  15  lb.,  31'  6"  long  ^     945  lb. 

One  14  in.  X  A  in.  plate  @  14.88  lb.,  30'  o"  long  -     447  lb. 

Detaib  and  lacing  about  25  per  cent  »     308  lb. 

Total  Weight,  W  -  1^700  lb. 

The  bending  moment  due  to  weight  of  member  is  Jf  :-  iW-l-m  $. 
Stress  due  to  weight 

-  M'C  iTT./.sin  $c  .  . 

^^      loE        ^^      loE 


The  stress  due  to  weight  in  the  upper  fiber  will  be 

y    ^  I  X  1,700  X  375  X  0.645  X  3.6125 
^,.Q       103,000X375' 


211.8  — 

10  X  30,000,000 


«  940  lb.  per  sq.  in. 
The  stress  due  to  weight  in  the  lower  fiber  is 


/„'  -  -  6.70  X  940  +  3.6125 
"  —  ii745  lb.  per  sq.  in. 
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Stress  Due  to  Eccentric  Loading. — ^The  pins  were  placed  }  inch  above  the  center  of  the  channels, 
and  the  stress  due  to  eccentric  loading  will  be 

.  Mi'C        P  X  (1.70  -  05)  X  c  ,  , 

"  TliU  "       I  -^'^ 

loJB  loE 

The  eccentric  stress  in  the  upper  fiber  will  be 

f  =  '03>ooo  X  1.20  X  3-6125 

'  211  8  -  ^Q3>ooo  X  375* 

10  X  30,000,000 

—  —  2,280  lb.  per.  sq.  in. 

The  eccentric  stress  in  the  lower  fiber  is 

/.  -  -h  6.70  X  2,280  +  3.6125 
=  +  4i230  lb.  per  sq.  in. 

The  resultant  stress  due  to  weight  and  eccentric  loading  is  /<  «■  /w  +  /•  »■  +  940  —  2,280  « 
—  1,340  lb.  in  the  upper  fiber,  and  —  1,745  +  4,230  =  2,485  lb.  per  sq.  in.  in  the  lower  fiber. 

The  allowable  stress  due  to  weight  and  eccentric  loading  is  greater  than  10  per  cent  of  the 
allowable  stress  and  must  be  considered,  with  the  allowable  unit  stress  increased  by  10  per  cent. 

The  total  unit  stress  in  the  member  will  be,  /  =  103,000  -t-  13.30  +  2,485  =  7,752  +  2,485 
=  10,237  lb.  per  sq.  in.  The  allowable  unit  stress  when  weight  and  eccentric  loading  are  con- 
sidered is  9,400  X  1. 10  a  10,340  lb.  per  sq.  in.,  which  is  sufficient. 

Stress  Due  to  Wind  Moment, — ^The  stresses  in  the  portal  and  the  direct  wind  stresses  in  the 
end-post  when  the  end-post  is  assumed  as  pin-connected  at  the  base  are  shown  in  {d)  and  (e)  Fig. 
3.  The  end-posts  may  both  be  assumed  as  fixed  if  the  windward  end-post  is  fixed.  To  fix  the 
windward  end-post  the  bending  moment  must  not  be  greater  than  the  resisting  moment  which 
will  be 

Jfo  -  H-ysi  -  (90,000  -  7  -  D')al2 

where  V  -  5,060  lb.  and  D'  =  7,000  lb.  the  direct  stress  due  to  wind,  and  a  -  distance  center 
to  center  of  metal  in  the  sides  of  the  end-post  »  8.87  in.,  (/),  Fig.  3.  (The  impact  stress  is 
omitted.)    If  y^  is  taken  equal  to  \d  =  10'  o"  «  120  in.,  we  will  have 

2,000  X  120  <  (90,000  —  5,060  —  7,000)8.87/2 

which  makes  240,000  <  345,600,  and  the  end-post  may  be  assumed  as  fixed  at  the  base. 
The  stress  due  to  bending  moment  due  to  wind  loads  in  the  leeward  end-post  will  be, 

.  M'C 


I -LI  (4) 

^       loE 

^'^  10  X  30,000,000 

The  total  stress  due  to  direct  wind  load  will  be  /„  =  (5»o6o  -h  7,ooo)/i3.30  =  +  910  lb.  per 
sq.  in.  The  total  maximum  wind  load  stress  will  come  on  the  windward  fiber  of  the  leeward 
end-post,  and  will  be/."  -  +  6,370  -h  910  -  +  7,280  lb.  per  sq.  in. 

The  maximum  stress  due  to  direct  dead  and  live  loads  (not  including  impact)  and  wind  load 
will  be 

/  »  90,000  4-  13.30  -f-  7,280 

-  6,770  -f-  7,280  »  14,050  lb.  per  sq.  in. 
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From  the  specifications  the  allowable  stress  may  be  increased  50  per  cent  when  direct  and 
flexural  wind  stresses  are  considered. 

The  allowable  stress  when  both  direct  and  flexural  wind  stress  are  considered  is  then 

/e  =  9,400  X  1.50  =  14,100  lb.  per  sq.  in. 

The  stresses  in  the  windward  post  will  be  less  than  in  the  leeward  end-poet  calculated  above. 
While  the  section  assumed  appeared  to  be  excessive,  the  additional  area  and  the  width  of 
plate  are  required  to  take  the  flexure  due  to  wind  loads. 

Combined  Tension  and  Cross-bending. — ^The  stress  due  to  cross-bending  when  the  member 
is  also  subjected  to  direct  tension  is  given  by  the  formula 

Mi'C 


ft' 


I^l±  (5) 


the  nomenclature  being  the  same  as  in  (i).    The  constant  k  is  taken  equal  to  10  where  the  ends 
are  hinged. 

Stress  in  a  Bar  Due  to  its  Own  Weight — Let  b  -«  breadth  of  bar  in  inches;  h  >-  depth  of 
bar  in  inches;  w  =  weight  of  bar  per  lineal  inch  —  0.28  b'h  Ih,;  ft  =  P/b-h  =  direct  unit  stress 
in  lb.  per  sq.  in. 

We  will  also  have  yi  -  ih;  Mi'  =  iw'^\  P  ^ffb'h. 

Substituting  in  (5),  we  have 

.  ^ jw'l^'ih ^  4,900,ooofc 

^  "  ^  4.        /i-fr'^-P         "  /» +  23.000,000  fhy  (6) 


12        10  X  28,000,000 


in 


where  /i  is  the  extreme  fiber  stress  in  the  bar  due  to  weight,  and  is  tension  in  lower  fiber  and  com- 
pression in  upper  fiber. 

If  the  bar  is  inclined,  the  stress  obtained  by  formula  (6)  must  be  multiplied  by  the  sine  of 
the  angle  that  the  bar  makes  with  a  vertical  line.  Formula  (6)  is  much  more  convenient  for  actual 
use  than  formula  (5). 

Diagram  for  Stress  in  Bars  Due  to  Their  Own  Weight— Taking  the  reciprocal  of  (6), 
we  have 

^  23,000,000  (j  j 


+    .r^^u — yi  +  yt 


/l     4,900,000^  4,900,000^ 

and 

/i  -  i/(yi  +  yt)  (7) 

Fig.  4  gives  values  of  yi  for  different  values  of  /«,  and  values  of  yj  for  different  values  of  the 
length  in  feet,  L.  The  values  of  yi  and  y^  can  be  read  off  the  diagram  directly  for  any  value  of 
hf  /s  and  L.  And  then,  if  the  sum  of  yi  and  y^  be  taken  on  the  lower  part  of  the  diagram,  the 
reciprocal,  which  is  the  fiber  stress  /i,  may  be  read  off  the  right  hand  side. 

The  use  of  the  diagram  will  be  illustrated  by  two  problems: 

Problem  i. — Required  the  stress  in  a  4  in.  X  i  in.  eye-bar,  20  ft.  o  in.  long,  which  has  a 
direct  tension  of  56,000  lb. 

In  this  case,  A  >-  4  in.,  L  —  20  ft.  o  in.,  and  /<  «  14,000  lb.  per  sq.  in.  The  stress  due  to 
weight,/],  is  found  as  follows:  On  the  bottom  of  the  diagram.  Fig.  4,  find  A  »  4  inches,  follow  up 
the  vertical  line  to  its  intersection  with  inclined  line  marked,  X  »  20  feet,  and  then  follow  the 
horizontal  line  passing  through  the  point  of  intersection  out  to  the  left  margin  and  find,  yt  «  3.3 
tens  of  thousandths;  then  follow  the  vertical  line,  A  *»  4  inches,  up  to  its  intersection  with  inclined 
line  marked,  ft  =»  14,000,  and  then  follow  the  horizonUl  line  passing  through  the  point  of  inter- 
section out  to  the  left  margin  and  find,  yi  »  7.2  tens  of  thousandths. 
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Now  to  find  the  reciprocal  of  yi  +  yj  —  7.2  +  3.3  «  10.5,  find  value  of  yi  +  yj  =■  10.5 
on  lower  edge  of  diagram,  follow  vertical  line  to  its  intersection  with  inclined  line  marked  "  Line 
of  Reciixt)cals"  and  find  stress /i  by  following  horizontal  line  to  right  hand  margin  to  be 

/i  »  950  lb.  per  sq.  in. 

By  substituting  in  (6)  and  solving  we  get  /i  »  960  lb.  per  sq.  in. 

Problem  2. — Required  the  stress  in  a  5  in.  X  i  in.  eye-bar,  30  ft.  o  in.  long,  which  has  a 
direct  tension  of  60,000  lb.,  and  is  inclined  so  that  it  makes  an  angle  of  45°  with  a  vertical  line. 


L5        2  3  4       5      6     7    a  3  10 

I&II. Depth  of  Bar  in  Inches 
lU.y/'^Yz  in  Tens  of  Thousandths 

Fig,  4.    Diagram  for  Finding  Stress  in  Bars  Due  to  Their  Own  Weight. 


In  this  case,  A  —  5  in.,  L  =»  30  ft.  o  in.,  /«  —  16,000  lb.,  and  $  =  45®.    From  the  diagram, 
Fig.  4,  as  in  Problem  i,  ;ys  ^  1.8  tens  of  thousandths,  and  yi  >-  6.5  tens  of  thousandths,  and 


i/(yi  +  yt)  X  sin  d  =  1,200  X  sin  S 
>-  850  lb.  per  sq.  in. 
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Relations  Between  h,  fi,  ft  and  L. — ^For  any  values  of /s  and  X,  /i  will  be  a  maximum  for  that 
value  of  h  which  will  make  yi  +  ytSL  minimum.  This  value  of  h  will  now  be  determined.  Differ- 
entiating equation  (6)  with  reference  to  /i  and  h,  we  have  after  solving  for  h  after  placing  the 
first  derivative  equal  to  zero 

h  =  XV^4.8oo  (8) 

in  which  h  is  the  depth  of  bar  which  will  have  a  maximum  fiber  stress  for  any  given  values  of  L 
and  ft. 

Now  if  we  substitute  the  value  of  h  in  (8)  back  in  equation  (6),  we  find  that  /i  will  be  a 
maximum  when  yi  =■  yt. 

Now  in  the  diagram  the  values  of  yi  and  yt  for  any  given  values  of  ft  and  L  will  be  equal 
for  the  depth  of  bar,  h,  corresponding  to  the  intersection  of  the  ft  and  L  lines. 

It  is  therefore  seen  that  every  intersection  of  the  inclined  ft  and  L  lines  in  the  diagram,  has 
for  an  abscissa  a  value  h,  which  will  have  a  maximum  fiber  stress  fi,  for  the  given  values  of  ft 
and  L, 

For  example,  for  L  =  30  feet  and  ft  =  12,000  lb.,  we  find  h  =  8.3  inches  and  /i  «  1,700  lb. 
For  the  given  length  L  and  direct  fiber  stress/*,  a  bar  deeper  or  shallower  than  8.3  inches  will  give 
a  smaller  value  of /i  than  1,700  lb. 

STRESSES  IN  AN  ECCENTRIC  RIVETED  CONNECTION.— In  Fig.  5  the  riveted  connec- 
tion carries  a  stress  of  P  =  10,000  lb.  The  four  rivets  transmit  a  direct  shear  of  10,000  lb.  or 
2,500  lb.  each,  and  a  bending  moment  of  10,000  X  4J  "  45fOOO  in.-lb.  The  shear  that  resists 
moment  in  each  rivet  acts  with  an  arm  of  2.8  in.  If  R  is  the  shear  in  each  rivet  due  to  moment, 
4i?  X  2.8  «  45,000  in.-lb.,  and  R  =  4,018  lb. 

The  total  shear  on  rivet  2,  is  4,018  —  2,500  =  1,518  lb.;  on  rivet  3,  is  4,018  -f  2,500  =  6,518 
lb.;  and  on  rivets  i  and  4  =  V2,5oo*  -h  4,018'  -  4»740  lb. 

If  the  rivets  are  located  at  unequal  distances  from  the  center  of  gravity  of  the  rivets,  let  a 
represent  the  shear  on  a  rivet  at  a  unit's  distance  from  the  center  of  gravity;  then  the  shear  on  a 
rivet  at  a  distance  di  from  the  center  of  gravity  will  be  a-di,  and  the  resisting  moment  will  be 
a  •  diK  The  shear  on  a  rivet  at  a  distance  dt  from  the  center  of  gravity  will  be  a  •  Jti  and  the  resisting 
moment  will  be  a*  Js'.    The  total  resisting  moment  of  the  connection  will  then  be  Xa-^  «  Jf . 


Fig.  5. 


For  the  calculation  of  the  stresses  in  the  rivets  of  a  standard  riveted  connection  see  the 
author's  "Steel  Mill  Buildings,"  Chapter  XV. 

DEFLECTION  OF  TRUSSES.— When  the  members  of  a  truss  are  stressed,  the  lengths 
of  the  members  in  compression  are  decreased  in  length,  while  the  members  in  tension  are  increased 
in  length.  These  changes  in  the  lengths  of  the  members  cause  the  upper  and  lower  chord  panel 
points  to  deflect,  while  the  positions  of  all  other  points  are  changed.  If  the  left  end  of  a  bridge 
truss  is  fixed  the  right  end  will  move  if  it  is  resting  on  free  rollers.  To  calculate  the  movement  of 
the  right  end  of  the  truss  proceed  as  follows: 
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In  Fig.  6  the  truss  is  fixed  at  JLo,  and  is  free  to  move  at  JLo',  and  is  loaded  with  a  load  W. 
Under  the  action  of  the  load,  Lo'  will  move  a  distance  A.  Now  assume  that  all  the  members  are 
rigid  with  the  exception  of  i-^,  which  is  increased  in  length  the  distance  S,  under  the  action  of 
the  external  load  W,  The  movement  of  the  joint  Lo'  will  be  A\  and  will  be  due  to  the  change  in 
length  6,  of  the  member  i-y.    Let  H  be  the  horizontal  reaction  necessary  to  bring  Lq  back  to  its 


Fig.  6. 

original  position,  and  let  U'H  be  the  stress  in  the  member  i-y  due  to  the  horizontal  thrust  H. 
Now  the  internal  work  ii-H-U  in  shortening  the  member  i-^  to  its  original  length  will  be  equal 
to  the  external  work  iH*A',  required  to  bring  the  hinge  Z«'  back  to  its  original  position,  and 

iH'A'  -ia.ff.^ 
and 

A'  =  a.J7  (9) 

but  6  »  P'LIBt  where  P  is  the  unit  stress  in  the  member  i-y  due  to  the  load  W;  L  is  the  length 
of  the  member  \-^  in  the  same  units  as  A';  and  E  is  the  modulus  of  elasticity  of  the  material  of 
the  member  in  lb.  per  sq.  in.     Substituting  this  value  of  b  in  (9)  we  have 

A'  -  p.  U'LIE  (9') 

where  U  is  the  stress  in  the  member  due  to  a  load  unity  at  JLo'  acting  in  the  line  in  which  A'  is 
measured. 

Now  if  each  one  of  the  remaining  members  of  the  truss  is  assumed  as  distorted  in  turn,  the 
other  members,  meanwhile  remaining  rigid,  the  distortion  at  JLo'  will  be  represented  by  the  general 
equation  (9')>  and  the  total  deformation,  A,  at  Lq  will  be 

A -2(P.:7-L/£)  (10) 

Algebraic  Solution. — It  is  required  to  calculate  the  deflection  of  the  panel  point  !«  in  the 
lower  chord  of  the  i6o-ft.  span  Pratt  highway  truss  in  Fig.  9,  the  stresses  in  the  members,  the 
areas  of  the  members,  and  the  lengths  of  the  members  being  given  in  Table  I.  The  stresses  in 
column  4  in  Table  I  are  calculated  for  a  full  dead  load  and  live  load  on  the  truss.  In  column  5 
values  of  unit  stress,  P,  are  given,  in  column  6  values  of  P-L/E  are  given  for  E  -»  30,000,000  lb. 
per  sq.  in.  The  values  of  U  in  column  8  were  calculated  by  placing  a  load  of  i  lb.  at  Xa.  The 
values  of  P •  U'L/E  are  given  in  column  9,  and  X(P'U'  LIE)  is  i .20  in.  To  calculate  the  deflection 
at  any  other  point,  new  values  of  U  must  be  calculated  for  a  force  of  i  lb.  acting  at  the  point  at 
which  the  deflection  is  to  be  calculated,  and  acting  in  the  direction  that  the  deflection  is  to  be 
measured. 
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Graphic  SolutioiL — ^WiUiot  Defonnation  Diagram. — ^When  the  deformations  of  the  members 
have  been  calculated  the  relative  movements  of  all  the  joints  of  the  structure  may  be  calculated 
by  a  graphic  diagram.  In  (a)  Fig.  7,  the  point  c  is  connected  with  points  a  and  b  by  lines  i  and  2, 
respectively,  which  undergo  changes  —  Ai  and  +  Aj,  respectively,  while  the  points  a  and  b  move 
to  new  positions  a'  and  b\  respectively.  It  is  required  to  find  the  new  position  of  the  point  c. 
Now  if  point  a  moves  to  point  a',  point  c  will  move  to  point  Ci;  while  if  point  b  moves  to  point  b', 
point  c  will  move  to  point  ct.  Now  line  i  will  be  increased  in  length  by  Ai,  and  line  2  will  be 
decreased  in  length  by  At.  The  final  location  of  point  c  will  be  at  c'  which  will  be  at  the  inter- 
section of  arcs  drawn  with  centers  a'  and  b\  and  radii  equal  to  the  new  lengths  of  the  lines  i  and  2, 


-J 


\e, 


respectively.  Since  the  deformations  are  very  small  as  compared  with  the  lengths  of  the  members, 
the  new  location  of  point  c  at  the  point  <f  may  be  found  by  erecting  perpendiculars  at  the  ends  of 
Ai  and  As.  The  construction  may  be  accomplished  without  drawing  members  i  and  2,  as  in  (b) 
Fig.  7.  At  point  c  in  (b)  lay  off  c-a'  equal  and  parallel  to  a-o!  in  (a),  and  also  c-b'  equal  and 
parallel  to  ^-6'  in  (a).  From  a'  lay  off  Ai  away  from  a'  in  (b),  and  from  V  lay  off  As,  toward  h' 
in  (b).  The  new  location  of  c  at  the  point  c'  will  then  be  found  by  erecting  perpendiculars  at  the 
ends  of  the  deformations  Ai  and  As. 

With  reference  to  signs,  in  Fig.  7,  ~  Ai  is  a  lengthening,  and  is  therefore  due  to  tension,  and 
is  called  minus,  while  +  As  is  a  shortening,  and  is  therefore  due  to  compression  and  is  called  plus. 
In  laying  off  the  deformations  in  the  diagram  if  c  remains  fixed  a  tensile  stress,  and  therefore  a 
minus  deformation  requires  that  point  a'  will  move  away  from  c,  and  a  minus  deformation  should 
therefore  be  laid  off  on  the  side  of  the  point  on  which  the  member  occurs,  while  a  plus  deformation 
should  be  laid  off  on  the  side  of  the  point  opposite  the  side  on  which  the  member  occurs.  The 
diagram  will  be  properly  drawn  if  the  following  rule  is  observed  in  laying  off.  the  deformations: 
"Lay  off  minus  deformations — ^tension  deformations — so  as  to  cause  apparent  shortening  of  the 
member,  and  lay  off  plus  deformations  so  as  to  cause  apparent  lengthening  of  the  member."  The 
assumption  of  minus  for  tensile  stresses  and  plus  for  compressive  stresses  is  therefore  more  con- 
sistent than  the  opposite  assumption,  which  is  made  by  some  writers. 

In  Fig.  8  the  framework  in  (a)  has  deformations  with  signs  as  shown.  With  point  a  assumed 
as  a  fixed  point  and  member  a-h  marked  i,  assumed  as  a  fixed  axis  the  Williot  diagram  is  con- 
structed as  in  (b)  Fig.  8.  Deformation  Ai  is  plus,  and  is  laid  off  to  cause  api^rent  lengthening 
in  member  o^,  so  that  point  b\  will  come  at  the  lower  end  and  point  a\  will  come  at  the  upper 
end  of  Ai  in  (b). 

To  draw  the  deformation  diagram  for  the  truss  in  Fig.  9,  proceed  as  follows:  First  calculate 
Table  I  as  for  the  algebraic  method,  column  7  giving  the  order  in  which  the  members  will  be 
used  in  the  deformation  diagram.  Now  begin  with  the  member  marked  i,  and  lay  off  in  Fig.  9 
the  deformation  of  the  two  members  marked  1  =  +  2  X  0.078  =  +0.156  in.  parallel  to  the 
member  UtU%Ux  to  the  prescribed  scale,  and  mark  the  left  end  U%  and  the  right  end  U%,  Now 
lay  off  the  deformation  2  =  —  0.08  in.  from  Ut  and  away  from  the  joint  Ut,  and  parallel  to  member 
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2;  and  lay  off  deformation  3  "■  —  0.08  in.  from  U%  and  away  from  the.  joint  Ut\  and  parallel  to 
member  3.  Perpendiculars  erected  at  the  ends  of  deformations  2  and  3  will  meet  in  the  new 
position  of  L%.  The  vertical  distance  between  U%  and  L3  in  the  diagram  will  be  the  difference 
in  deflection  of  the  points  Ut  and  La.  At  U%  in  the  diagram  lay  off  deformation  4  «  +  0.02  in. 
toward  the  joint  U%  and  parallel  to  member  4,  and  at  Li  lay  off  deformation  5  »  —  0.121  in. 


7kU5S  PIA6RAM 
-0.682" 


DlFORMATIOn  DM6RAM 

Fig.  9. 
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away  from  the  joint  Xa  and  parallel  to  member  5.  Then  perpendiculare  erected  at  the  ends  of 
deformations  4  and  5  will  meet  in  the  new  position  of  Lt.  In  like  manner  perpendiculars  erected 
at  the  ends  of  deformations  6  and  7  give  the  new  position  of  point  Ui  in  the  diagram,  and  finally 
perpendiculars  erected  at  the  ends  of  deformations  9  and  1 1  will  give  the  new  position  of  the 
point  £0.  The  deformation  diagram  for  the  right  half  of  the  truss  is  constructed  in  the  same 
manner.  The  increase  in  the  length  of  the  span  is  0.686  in.,  while  the  deflection  of  point  L% 
below  the  abutments  is  1.20  in.,  as  was  calculated  algebraically. 

TABLE  I. 
Algebraic  Calculation  op  Deformations. 


Member. 

Area  In 
Sq.In. 

Msii^ 

Stress  in 
Lb. 

Unit  Stxess 
/>inLb. 

PL 
B 

No.  Mem. 

u 

PUL 
E 

U,Ut 

8.70 

240 

+  75.600 

+     8,700 

+  0.070 

7 

+  0.96 

+  0.067 

UtUt 

8.70 

240 

+  85,100 

+    9,800 

+  0.078 

I 

+  1.44 

+  0.II2 

ULi 

3.44 

240 

-  47,300 

-  13,800 

—  O.IIO 

9 

-0.48 

+  0.053 

uu 

3*44 

240 

-  47,300 

-  13,800 

—  O.IIO 

8 

-0.48 

+  0.053 

LtLt 

5.00 

240 

-75,600 

-  15,100 

—  0.I2I 

5 

—  0.96 

+  O.II6 

UUx 

10.70 

348 

+  68,650 

+    6,400 

+  0.074 

II 

+  0.69 

+  0.051 

UiLi 

144 

252 

-19,900 

-  14,000 

—  0.12 

10 

0.0 

0.0 

UiU 

3.13 

348 

-31,200 

—  10,000 

-0.12 

6 

—  0.69 

+  0.083 

U,Lt 

3.90 

252 

+    9.450 

+  2,400 

+  0,020 

4 

+  0.50 
—  0.69 

+  0.010 

UtLt 

2.00 

348 

-  13,700 

-  6,900 

—  0.080 

2 

+  0.055 

U^Lt 

3.90 

252 

0 

0 

0.0 

0.0 

0.0 

Total  de 

formation  » 

+  0.600  X  . 

I  >-  1.200  in 

• 

+  0.600 

The  graphic  method  gives  the  relative  positions  of  all  points  in  the  truss,  while  the  algebraic 
method  gives  the  deflection  of  one  point,  only. 

For  the  deformation  diagrams  of  trusses  unsymmetrically  loaded,  and  for  the  methods  of 
calculating  the  stresses  in  two-hinged  arches  see  the  author's  "Steel  Mill  Buildings,"  Chapter  XIV. 

STRESSES  IN  ROLLERS.— When  a  cylindrical  roller  is  pressed  between  two  plates  the 
roller  is  deformed  so  that  the  linear  element  of  the  roller  in  contact  is  spread  out  as  the  pressure 
increases.  It  has  been  found  by  experiment  that  the  plates  are  but  little  deformed  in  comparison 
with  the  deformation  of  the  rollers  for  stresses  within  the  elastic  limit,  so  that  the  entire  deforma- 
tion may  be  considered  as  occurring  in  the  rollers.  (For  a  more  complete  discussion  see  Merri- 
man's  "Mechanics  of  Materials.") 

In  (b)  Fig.  10  the  vertical  diameter  A- A  is  shortened  to  B-B,  and  the  shortening  in  a  half 
diameter  is  A-B  =  t\  also  let  y  be  the  shortening  in  any  half  chord.  Now  if  the  stress  at  B  is  5, 
and  at  the  point  whose  codrdinates  are  x,  y  is  S\  then  if  the  elastic  limit  of  the  material  is  not 
exceeded 

5/5'  -  t\y,  or  5'  -  S'y\e 

Now  2e/J  is  the  unit  shortening  in  the  vertical  diameter,  and  this  is  equal  to  5/£,  and 

SIE  -  2«/J  (II) 

Now  the  stress  S^  acts  over  the  entire  area  hdx^  and 

^S'-l'dx  =  W  (12) 

where  W  is  the  total  stress  on  the  rollers.     Equations  (11)  and  (12)  are  the  equations  for  finding 
5  and  e.    Substituting  5'  ^  S^yle  in  (12)  we  have 


S-lfydx  «  W-e 


(13) 
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Now  fy'dx  «  the  area  of  the  segment  compressed,  which  may  be  considered  a  parabola 
=  I  chord  1-2 -e.     Now  chord  1-2  =  2(2-<i)*,  approximately,  and  (13)  becomes 


Solving  equations  (11)  and  (14),  we  have 

W  -  il'd'S(2SIE)^ 
or 

w  -  id-S(2SIE)^ 

where  w  is  the  load  per  lineal  inch  of  roller,  if  d  is  given  in  inches. 


(14) 

(15) 
(16) 


mill      1 


A       , 


n 


• d i 


(a) 


(b) 


Fig.  10. 


Now  taking  S  »■  24,000  lb.  per  sq.  in.,  and  E  ^  30,000,000  lb.  per  sq.  in.,  equation  (16) 
becomes 

w  =  64od  (17) 

CilMBER. — Bridges  are  constructed  so  that  when  loaded  the  trusses  will  take  the  form 
assumed  in  the  calculations.  This  may  be  done  in  two  ways:  (i)  by  increasing  the  lengths  of 
all  compression  members  and  decreasing  the  lengths  of  all  tension  members  the  amounts  calculated 
as  in  column  6  in  Table  I — this  method  requires  laborious  calculations  and  increases  the  labor  in 
maldag  and  checking  the  drawings;  (2)  the  most  common  method  is  to  increase  the  lengths  of 
the  top  chords  i  in.  in  10  ft.  for  railway  bridges  and  A  in*  *n  10  ft.  for  highway  bridges  over  the 
lengths  of  the  lower  chords.  This  method  is  very  easy  to  apply  and  satisfies  theoretical  require- 
ments quite  closely. 

Let  c  »  camber  in  inches  at  the  center  of  the  span; 

a  B  total  increase  in  the  length  of  the  top  chord  required  to  produce  the  camber,  in 

inches; 
h  B  the  height  of  the  truss  in  feet; 
/  —  the  length  of  span  in  feet; 


then 


(18) 
21  ft.  o  in.    Then 


c  »  a-l/Sh,  and  a  »  Sc-h/l 

Now  in  the  i6o-ft.  span  in  Fig.  9,  c  =  1.20  in.,  /  »  i6oft.  o  in.,  and  h 

a  a  8  X  1.20  X  21/160  =  1.26  inches. 

Now  this  increase  will  be  put  in  4  panels,  giving  0.32  in.  in  each  panel,  or  0.16  in.  in  10  ft.    This, 
is  slightly  less  than  A  in-  for  each  10  ft.  as  commonly  specified  for  highway  bridges. 
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CHAPTER  Vir. 

The  Solutions  of  Problems  in  the  Calculation  of  Stresses  in  Bridge 

Trusses. 

IntrodactiQiL — ^To  obtain  a  thorough  knowledge  of  the  calculation  of  stresses  in  trusses  it 
is  necessary  to  solve  numerous  problems.  The  problems  in  this  chapter  have  been  selected  with 
care  and  have  shown  their  value  by  actual  use  in  the  class-room.  A  problem  is  first  solved  and 
the  solution  is  followed  through  in  detail.  A  second  problem  of  a  similar  character  is  then  stated 
and  left  for  the  student  to  solve.  These  problems  should  be  solved  in  connection  with  the  study 
of  the  preceding  chapters. 

Instructions. — (i)  Plate:  The  standard  plate  is  to  be  9"  X  10}",  with  a  i"  border  on  the 
left-hand  side  and  a,  \"  border  on  the  top,  bottom  and  right-hand  side  of  the  plate.  The  plate 
inside  the  border  is  to  be  7!"  X  9 J".  (2)  Coordinates:  Unless  stated  to  the  contrary,  the  co6r- 
dinates  given  in  the  data  will  refer  to  the  lower  left-hand  comer  of  the  plate  as  the  origin  of  co- 
ordinates. (3)  Data:  Complete  data  shall  be  placed  on  each  problem  so  that  the  solution  will 
be  self-explanatory.  The  span,  panel  length,  depth,  roadway  and  other  dimensions  shall  be 
shown  on  the  truss  diagram  and  shall  be  stated  in  a  prominent  place.  The  loads  shall  be  stated, 
and  the  values  of  all  trigonometric  functions  shall  be  given  to  three  decimal  places.  (4)  Letteringi 
Ail  lettering  shall  be  in  Engineering  News  style.  The  main  headings  shall  be  made  with  capitals 
0.2"  high,  and  lower  case  letters  }  of  this  height.  Capitals  in  the  body  of  the  problem  are  to  be 
0.15"  in  height,  and  the  lower  case  letters  are  to  be  }  of  this  height.     (5)  Scales:  The  scale  of  the 

forces  and  of  the  trusses  shall  be  given  as  i"  =  ( )  lb.,  or  ft.;  and  by  a  graphic  scale  as  well. 

(6)  Name:  The  name  of  the  student  is  to  be  placed  outside  the  border  in  the  lower  right-hand 
comer.  (7)  Equations:  All  equations  shall  be  given,  but  details  of  the  solution  may  be  indicated. 
(8)  References:  References  are  to  "The  Design  of  Highway  Bridges." 

Note. — It  should  be  noted  that  all  the  problems  have  been  reduced  so  that  all  dimensions 
are  one-half  the  original  dimensions  given  in  the  statements  of  the  problems. 
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Problem  i.    Dead  Load  Stresses  in  a  Warren  Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  a  Warren  truss,  span  120'  o",  panel  length  20'  o",  depth  20'  o",  dead 
load  700  lb.  per  ft.  per  truss.  Calculate  the  dead  load  stresses  by  graphic  resolution.  Scale  of 
truss,  i"  =  16'  o".    Scale  of  loads,  i"  «  12,000  lb. 

{b)  Methods. — ^The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  bottom 
upwards.  The  calculation  of  the  stresses  is  started  at  the  left  reaction,  and  the  stress  diagram  is 
closed  at  the  right  reaction.    For  additional  information  on  the  solution  see  Chapter  IIL 

(c)  Results. — ^The  top  chord  is  in  compression,  the  bottom  chord  is  in  tension;  all  web 
members  leaning  toward  the  center  of  the  truss  are  in  compression,  while  the  web  members  leaning 
toward  the  abutments  are  in  tension.  All  web  members  meeting  on  the  unloaded  chord  (top 
chord)  have  stresses  equal  in  amount  but  opposite  in  sign.  The  stresses  in  the  lower  chord  are 
the  arithmetical  means  of  the  stresses  in  adjacent  panels  of  the  top  chord.  Warren  trusses  are 
commonly  made  of  iron  or  steel  with  riveted  connections,  the  most  common  section  being  two 
angles  placed  back  to  back. 


Problem  ia.    Dead  Load  Stresses  in  a  Warren  Truss  by  Graphic  Resolution. 

(o)  Problem. — Given  a  Warren  truss,  span  140'  o",  panel  length  20'  o",  depth  24'  o'',  dead 
k)ad  600  lb.  per  ft.  per  truss.  Calculate  the  dead  load  stresses  by  graphic  resolution.  Scale  of 
truss,  i"  =  20'  o".     Scale  of  loads,  i"  «  12,000  lb. 

Problem  2.    Dead  Load  Stresses  in  a  Pratt  Truss  by  Graphic  Resolution. 

(o)  Problem. — Given  a  Pratt  truss,  span  140'  o",  panel  length  20'  o",  depth  24'  o",  dead 
load  800  lb.  per  lineal  foot  per  truss.  Calculate  the  dead  load  stresses  by  graphic  resolution. 
Scale  of  truss,  i'  =  20'  o".    Scale  of  loads,  i"  =  16,000  lb. 

{b)  Methods. — ^The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  bottom 
upwards.  Calculate  the  stresses  by  graphic  resolution,  beginning  at  Ri  and  checking  up  at  Rt, 
following  the  order  shown  in  the  stress  diagram. 

(c)  Results. — ^The  top  chord  is  in  compression  and  the  bottom  chord  is  in  tension  as  in  the 
Warren  truss.  The  inclined  members  are  in  tension,  while  the  vertical  members  are  in  compres- 
sion. Member  1-2  is  simply  a  hanger.  There  is  no  stress  due  to  dead  loads  in  the  diagonal 
members  in  the  middle  panel  of  a  Pratt  truss  with  an  odd  number  of  panels.  The  stresses  in  the 
posts  are  equal  to  the  inclined  components  of  the  stresses  in  the  inclined  members,  meeting  them 
on  the  unloaded  chord  (top  chord).  Stresses  in  certain  panels  in  the  top  and  bottom  chord  are 
equal.  The  Pratt  truss  is  quite  generally  used  for  steel  bridges  and  is  also  used  for  combination 
bridges,  where  the  tension  members  are  made  of  iron  or  steel  and  the  compression  members  are 
made  of  timber. 


Problem  2A.    Dead  Load  Stresses  in  a  Pratt  Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  a  Pratt  truss,  span  160'  o",  panel  length  20'  o",  depth  24'  o",  dead 
load  800  lb.  per  lineal  foot  per  truss.  Calculate  the  dead  load  stresses  by  graphic  resolution. 
Scale  of  truss,  i"  »  25'  o".    Scale  of  loads,  i"  «  20,000  lb. 
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Problem  3.    Dead  Load  Stresses  in  a  Howe  Truss  by  Graphic  Resolution. 

(c)  Problem. — Given  a  Howe  truss,  span  160'  o",  panel  length  20'  o",  depth  24'  o",  dead 
load  600  lb.  per  lineal  foot  per  truss.  Calculate  the  dead  load  stresses  by  graphic  resolution. 
Scale  of  truss,  1"  =  25'  o".     Scale  of  loads,  i"  =>  15,000  lb. 

(b)  Methods. — ^The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  bottom 
upwards.  Calculate  the  stresses  by  graphic  resolution,  beginning  at  Ri  and  checking  at  Rt, 
following  the  order  shown  in  the  stress  diagram. 

(c)  Results. — ^The  top  chord  is  in  compression  and  the  bottom  chord  is  in  tension  as  in  the 
Warren  truss.  All  inclined  members  are  in  compression,  while  all  vertical  members  are  in  tension. 
The  stresses  in  the  verticals  are  equal  to  the  vertical  components  of  the  stresses  in  the  diagonal 
members  meeting  them  on  the  unloaded  chord.  Stresses  in  certain  panels  in  the  top  and  bottom 
chord  are  equal. 

The  Howe  truss  when  used  for  highway  or  railroad  bridges  is  commonly  built  with  timber 
top  and  bottom  chords  and  timber  diagonal  struts,  the  only  iron  being  the  vertical  ties  and  the 
cast  iron  angle  blocks  to  take  the  bearing  of  the  timber  struts.  This  makes  a  very  satisfactory 
truss  and  is  quite  economical  where  timber  is  cheap. 


Problem  3A.    Dead  Load  Stresses  in  a  Howe  Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  a  Howe  truss,  span  162'  o",  panel  length  18'  o",  depth  24'  o",  dead 
load  600  lb.  per  lineal  foot  per  truss.  Calculate  the  dead  load  stresses  by  graphic  resolution. 
Scale  of  truss,  1"  -  25'  o".    Scale  of  loads,  i"  «  15,000  lb. 


Problem  4.    Dead  Load  Stresses  in  a  Camel-back  Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  a  Camel-back  (inclined  Pratt)  truss,  span  160'  o",  panel  length  20'  o" 
depth  at  the  hip  25'  o",  depth  at  the  center  32'  o",  dead  load  400  lb.  per  lineal  foot  per  truss. 
Calculate  the  dead  load  stresses  by  graphic  resolution.  Scale  of  truss,  i"  »  25'  o".  Scale  of 
loads,  1"  »  10,000  lb. 

(b)  Methods. — ^The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  bottom 
upwards.  Calculate  the  stresses  by  graphic  resolution,  beginning  at  Ri  and  checking  up  at  Rt» 
Follow  the  order  given  in  the  stress  diagram.  « 

(c)  Results. — ^The  top  chord  is  in  compression  and  the  bottom  chord  is  in  tension  the  same 
as  in  the  Pratt  truss.  *  All  inclined  web  members  are  in  tension;  while  part  of  the  posts  are  in 
compression  and  part  are  in  tension.  Member  1-2  is  simply  a  hanger  and  is  always  in  tension. 
This  type  of  truss  is  quite  generally  used  for  steel  and  combination  bridges  for  spans  from  150 
to  200  feet,  and  also  for  long  span  roof  trusses.  In  the  roof  truss,  the  loads  are  on  both  the  top 
and  bottom  chords  or  on  the  top  chord  alone. 


Problem  4A.    Dead  Load  Stresses  in  a  Camel-back  Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  a  Camel-back  (inclined  Pratt)  truss,  span  180'  o",  panel  length  20'  o" 
(three  panels  with  parallel  chords),  depth  at  the  hip  25'  o",  depth  at  the  center  32'  o",  dead  load 
400  lb.  per  lineal  foot  per  truss.  Calculate  the  dead  load  stresses  by  graphic  resolution.  Scale 
of  truss,  i"  «  25'  o".     Scale  of  loads,  i"  =  12,000  lb. 
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Problem  5.    Dead  Load  Stresses  in  a  Baltimore  Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  a  Baltimore  truss,  span  280'  o",  panel  length  20'  o",  depth  40'  o", 
dead  load  0.5  tons  per  lineal  foot  per  truss.  Calculate  the  dead  load  stresses  by  graphic  resolu- 
tion.   Scale  of  truss,  i"  »  40'  o".    Scale  of  loads,  1"  =40  tons. 

(&)  Methods. — ^The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  top 
downwards.  Calculate  Ri  and  R^.  Calculate  the  stresses  at  the  left  reaction  by  constructing 
triangle  i-Y-X  as  shown.  Then  calculate  the  stress  in  1-2  by  constructing  polygon  K-1-2-F. 
Draw  3-2,  which  is  the  stress  in  member  3-2.  Then  calculate  the  stress  in  3-4  and  4-F  by 
constructing  polygon  F-2-3-4-F.  Calculate  the  stresses  in  the  remaining  members  in  order, 
finally  checking  up  at  R^, 

(c)  Results. — It  will  be  see  that  the  Baltimore  truss  is  a  Pratt  truss  with  subdivided  panels- 
The  stresses  in  the  first  and  second  panels  of  th>e  lower  chord  are  larger  than  the  stresses  in  the 
third  and  fourth  panels  of  the  lower  chord.  The  stress  in  6-7  is  equal  to  the  inclined  component 
of  the  shear  in  the  panel,  plus  the  stress  due  to  the  half  load  that  is  carried  toward  the  center  of 
the  bridge  by  5-7.  The  Baltimore  truss  is  used  for  long  spans  in  which  short  panels  can  be  used 
with  an  economical  depth. 

Problem  5a.    Dead  Load  Stresses  in  a  Baltimore  Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  a  Baltimore  truss,  span  320'  o",  panel  length  20'  o",  depth  50'  o", 
dead  load  0.5  tons  per  lineal  foot  per  truss.  Calculate  the  dead  load  stresses  by  graphic  resolution. 
Scale  of  truss,  i"  -  50'  o".    Scale  of  loads,  i"  =  50  tons. 

Problem  6.    Dead  Load  Stresses  in  a  Petit  Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  a  Petit  truss,  span  350'  o",  panel  length  25'  o",  depth  at  hip  50'  o" 
depth  at  center  58'  o",  dead  load  0.9  tons  per  lineal  foot  per  truss.  Calculate  the  dead  load  stresses 
by  graphic  resolution.    Scale  of  truss,  i"  =  50'  o".    Scale  of  loads,  i"  =  45  tons. 

(6)  Methods. — ^The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  top 
doirawards.  Calculate  Ri  and  Rt,  Calculate  the  stresses  in  the  members  at  the  left  reaction  by 
constructing  force  triangle  i-Y-X.  Then  calculate  the  stress  in  1-2  by  constructing  polygon 
F-1-2-F.  Draw  3-2,  which  is  the  stress  in  member  3-2.  Then  pass  to  joint  Wt  where  there 
appears  to  be  an  ambiguity,  stress  4-5  being  unknown.  To  remove  the  ambiguity  proceed  as 
follows:  At  Wi  on  I  the  left  side  of  the  stress  diagram  assume  that  Wi  is  the  stress  in  5-6  (the 
member  5-6  is  simply  a  hanger  and  the  stress  is  as  assumed).  Calculate  the  stress  in  4-5  by  com- 
pleting the  triangle  of  stresses  in  the  auxiliary  members.  The  stresses  are  now  all  known  at  W% 
except  3-4  and  5-F,  but  the  stress  in  4-5  is  between  the  two  unknown  stresses.  First  complete 
the  force  polygon  2-3-4-5  -  ^""  ^""2 .  Then  by  changing  the  order  the  true  polygon  2-3-4-5-  F-  F-2 
may  be  drawn.  This  solution  is  sometimes  called  the  method  of  sliding  in  a  member.  The 
apparent  ambiguity  at  joint  Wa  may  be  removed  in  the  same  manner.  The  stress  diagram  is 
carried  through  as  shown  and  finally  checked  up  at  R\.  It  will  be  seen  that  there  is  no  apparent 
ambiguity  on  the  right  side  of  the  truss. 

(c)  Results. — It  will  be  seen  that  the  Petit  truss  is  an  inclined  Pratt  or  Camel-back  truss 
with  subdivided  panels.  The  auxiliary  members  are  commonly  tension  members  in  all  except 
the  end  primary  paneb  as  in  the  Baltimore  truss  in  Problem  5.  It  will  be  seen  that  the  stresses 
in  the  first  four  panels  of  the  lower  chord  are  the  same.  The  loads  in  this  type  of  Petit  truss  are 
carried  directly  to  the  abutments.  The  Petit  truss  is  quite  generally  used  for  long  span  highway 
and  railway  bridges. 

Problem  6a.    Dead  Load  Stresses  in  a  Petit  Truss  by  Graphic  Resolution. 

(c)  ProUem. — Given  a  Petit  truss  with  the  same  span,  panel  length,  depths,  and  dead  load 
as  in  Problem  6;  the  auxiliary  members  being  arranged  as  in  the  Baltimore  truss  in  Problem  5. 
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Problem  7.    Dead  Load  Stresses  in  a  Quadrangih^ar  Warren  Truss  by  Graphic 

Resolution. 

(a)  Problem. — Given  a  quadrangular  Warren  truss,  span  120'  o",  panel  length  15'  o", 
depth  18'  o",  dead  load  400  lb.  per  lineal  foot  per  truss.  Calculate  the  dead  load  stresses  by 
graphic  resolution.     Scale  of  truss  and  loads  as  shown. 

{b)  Methods. — ^The  loads  beginning  with  the  first  load  on  the  left  are  laid  off  from  the  bottom 
upwards.  Calculate  Ri  and  Rt.  The  stresses  at  Ri  may  be  calculated  by  constructing  force 
polygon  i-X-Y,  However,  on  passing  to  the  next  joint  in  either  the  top  or  bottom  chord  the 
solution  is  indeterminate.  To  solve  the  problem  calculate  the  stress  in  the  top  chord  gr-X  by 
taking  moments  about  the  center  joint  in  the  bottom  chord,  the  stress  in  9-1 1  being  zero.  Lay 
off  ^-X  in  the  stress  diagram  and  complete  the  diagram  to  the  left  and  the  right  of  the  center  as 
shown.  It  will  be  seen  that  the  stresses  in  certain  members  occur  twice  in  the  diagram.  The 
truss  diagram  can  be  divided  into  two  systems  as  in  Problem  14,  and  the  stresses  can  be  calculated 
for  each  system,  the  chord  stresses  in  the  two  systems  being  added  together  for  the  final  stresses. 

(c)  Results. — ^The  quadrangular  Warren  truss  is  a  double  intersection  truss  in  which  the 
stresses  are  statically  determinate  for  dead  loads  but  are  statically  indeterminate  for  live  load 
web  stresses,  as  will  be  shown  in  Problem  14.  This  truss,  built  with  riveted  connections,  is 
extensively  used  by  the  American  Bridge  Company  for  highway  bridges  for  spans  from  80  to 
152  feet. 

Problem  7A.    Dead  Load  Stresses  in  a  Quadrangular  Warren  Truss  by  Graphic 

Resolution. 
(a)  Problem. — Given  a  quadrangular  Warren  truss,  span  150'  o",  panel  length  15'  o", 
depth  18'  o",  dead  load  500  lb.  per  lineal  foot  per  truss.     Calculate  the  dead  and  live  load  stresses 
by  graphic  resolution.    Scale  of  truss,  i"  »  20'  o".    Scale  of  loads,  i"  »  10,000  lb. 

Problem  8.    Dead  Load  Stresses  in  a  Warren  Truss  by  Algebraic  Resolution  (Method 

OF  Coefficients). 

(a)  Problem. — Given  a  Warren  truss,  span  140'  o",  panel  length  20'  o",  depth  20'  o",  dead 
load  800  lb.  per  lineal  foot  per  truss.  Calculate  the  dead  load  stresses  by  algebraic  resolution. 
Scale  of  truss,  1"  -  20'  o". 

(&)  Methods. — Beginning  at  the  left  the  left  reaction  Ri  »  ^W,  The  shear  in  the  first 
panel  is  3 IT,  in  the  second  panel  is  2W,  in  the  third  panel  is  W,  and  in  the  fourth  panel  is  zero. 
Now  resolving  at  Ri  the  stress  in  i-F  «  —  3W*tan  6,  stress  i-X  —  -i-  ^W*sec0.  Cut  members 
I'Y,  1-2  and  2-X  and  the  truss  to  the  right  by  a  plane  and  equate  the  horizontal  components  of 
the  stresses  in  the  members.  The  unknown  stress  2-X  will  equal  the  sum  of  the  horizontal  com- 
ponents of  the  stresses  in  i-F  and  1-2  with  sign  changed,  »  —  (— 3— 3)W-tan  $  —-j-eW-tSLn  $. 
The  stress  in  3-F  -  -  (6  +  2)W'tSLn  d  -  -  SW-tsm  $.  Stress  in  4-X  =  -  (-  8  -  2)W't&n  $ 
«  +  loTF-tan  $;  stress  in  5-F  -  —  (+  10  +  i)W-tan  ^  -  +  iiTF-tan  $;  and  the  stress  in 
6-X  »—  (—  II  —  i)W-ta.n0  =  +  i2W-tan  d.  The  coefficients  of  the  chord  stresses  when 
multiplied  by  W'tan  9  give  the  stresses,  while  the  coefficients  for  the  webs  when  multiplied  by 
W'9sc  $  give  the  web  stresses. 

(c)  Results. — In  the  method  of  coefficients  the  shears  are  calculated  first,  and  the  chord 
coefficients  follow  easily  by  summing  the  horizontal  components.  This  method  is  the  shortest 
and  the  best  for  the  calculation  of  the  stresses  in  bridge  trusses  with  parallel  chords. 

Problem  8a.    Dead  Load  Stresses  in  a  Warren  Truss  by  Algebraic  Resolution. 
(a)  Problem. — Given  a  Warren  truss,  span  160'  o",  panel  length  20'  o",  depth  24'  o",  dead 
load  700  lb.  per  lineal  foot  per  truss.     Calculate  the  dead  load  stresses  by  algebraic  resolution. 
Scale  of  truss,  i"  -  25'  o". 
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Problem  9.    Live  Load  Stresses  in  a  Warren  Truss  by  Algebraic  Resolution. 

(a)  Problem,— Given  a  Warren  truss,  span  140'  o",  panel  length  20'  o",  depth  20'  o",  live 
load  1,200  lb.  per  lineal  foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to 
the  live  load  by  algebraic  resolution.    Scale  of  truss,  i"  >-  20'  o". 

{h)  Methods. — Construct  two  truss  diagrams  as  shown. 

Chord  Stresses, — ^The  maximum  chord  stresses  occur  when  the  joints  are  all  loaded,  and  the 
chord  coefficients  are  found  as  in  Problem  8.  The  minimum  live  load  stresses  in  the  chords  occur 
when  none  of  the  joints  are  loaded,  and  are  zero  for  each  member. 

Web  Stresses, — ^The  maximum  web  stresses  in  any  panel  occur  when  the  longer  segment  into 
which  the  panel  divides  the  truss  is  loaded,  while  the  shorter  segment  has  no  loads  on  it.  The 
minimum  live  load  web  stresses  occur  when  the  shorter  segment  is  loaded  and  the  longer  segment 
has  no  loads  on  it.  The  maximum  stresses  in  members  i-X  and  i-^  occur  when  the  truss  is 
fully  loaded.  The  shear  in  the  panel  is  3P,  or  21/7P,  and  the  stress  in  i-X  =  3P-sec  d  =  +  40.4 
tons,  while  the  stress  in  1-2  =  —  3P-sec  ^  =  —  40.4  tons.  The  minimum  stresses  in  i-X  and 
1-2  are  zero.  The  maximum  stresses  in  2-3  and  3-4  occur  when  5  loads  are  on  the  right  of  the 
panel  and  there  are  no  loads  on  the  left  of  the  panel.  The  shear  in  the  panel  will  then  be  equal 
to  the  left  reaction,  «  iJi  «  (5  X  3  X  P)l7  =  I5/7-P.  The  stress  in  2-3  =«  isZ/Psec  «  =  +  28.8 
tons,  while  the  stress  in  3-4  ■»  —  15/7^- sec  d  =  —  28.8  tons.  The  minimum  stresses  in  2-3 
and  3-4  will  occur  when  there  is  one  load  on  the  shorter  segment.  In  the  corresponding  panel 
on  the  right  of  the  truss,  if  the  shorter  segment  is  loaded,  the  left  reaction  =  1/7P  =  the  shear 
in  the  panel.  The  minimum  stress  in  2-3  =  —  i/jP-ssc  6  ^  —  1.92  tons,  while  the  minimum 
stress  in  3-4  —  +  i>92  tons.     The  stresses  in  remaining  panels  are  calculated  in  same  manner. 

(c)  Results. — It  will  be  seen  that  the  web  members  meeting  on  the  unloaded  chord  (top 
chord)  have  their  maximum  and  minimum  stresses  for  the  same  loading. 

Problem  9A.    Live  Load  Stresses  in  a  Warren  Truss  by  Algebraic  Resolution. 
(a)  Problem. — Given  a  Warren  truss,  span  180'  o";  panel  length  20'  o",  depth  24'  o",  live 
load  1,500  lb.  per  lineal  foot  per  truss.     Calculate  the  maximum  and  minimum  stresses  due  to 
the  live  loads  by  algebraic  resolution.     Scale  of  truss,  i"  =  25'  o". 

Problem  10.    Maximum  and  Minimum  Stresses  in  Warren  Truss  by  Algebraic  Resolution. 

(a)  Problem. — Given  a  Warren  truss,  span  160'  o",  panel  length  20'  o",  depth  20'  o",  dead 
load  800  lb.  per  lineal  foot  per  truss,  live  load  1,600  lb.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  in  the  members  due  to  dead  and  live  loads  by  algebraic  resolution. 

{b)  Methods. — (Construct  three  truss  diagrams  as  shown.  On  the  first  truss  diagram  place 
the  dead  load  and  the  maximum  live  load  chord  coefficients,  calculated  as  in  Problems  8  and  9. 
The  maximum  live  load  chord  .coefficients  are  the  same  as  the  dead  load  chord  coefficients.  On 
the  second  diagram  place  the  maximum  and  minimum  live  load  web  coefficients,  calculated  as 
in  Problem  9.  The  maximum  live  load  web  coefficients  are  given  on  the  left  and  the  minimum 
live  load  coefficients  are  given  on  the  right  of  the  diagram.  On  the  third  diagram  place  the 
maximum  and  minimum  stresses.  The  maximum  chord  stresses  are  equal  to  the  sum  of  the  dead 
and  live  load  chord  stresses.  The  minimum  chord  stresses  are  the  dead  load  chord  stresses. 
The  maximum  web  stresses  are  the  sum  of  the  dead  and  maximum  live  load  web  stresses.  The 
minimum  web  stresses  are  the  algebraic  sum  of  dead  load  stresses  and  minimum  live  load  stresses. 

(c)  Results. — ^The  web  members  7-6  and  7-8  have  a  reversal  of  stress  from  tension  to  com- 
pression, or  the  reverse.    These  members  must  be  counterbraced  to  take  both  kinds  of  stress. 

Problem  ioa.   Maximum  and  Minimum  Stresses  in  Warren  Truss  by  Algebraic  Resolution. 
(a)  Problem. — Given  a  Warren  truss,  span  180'  o",  panel  length  20'  o",  depth  24'  o",  dead 
bad  700  lb.  per  lineal  foot  per  truss,  live  load  1,500  lb.  per  lineal  foot  per  truss.     Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
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Problem  i  i.    Maximum  and  Minimum  Stresses  in  a  Pratt  Truss  by  Algebraic  Resolution. 

(o)  Problem. — Given  a  Pratt  truss,  span  140'  o",  panel  length  20'  o",  depth  24'  o",  dead 
load  800  lb.  per  lineal  foot  per  truss,  live  load  1,600  lb.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 

(b)  Methods. — Construct  three  truss  diagrams  as  shown.  On  the  first  place  the  dead  load 
coefficients  and  the  dead  load  stresses.  On  the  second  place  the  live  load  coefficients  and  the 
live  load  stresses.  On  the  third  place  the  maximum  and  minimum  stresses  due  to  dead  and  live 
loads.  The  maximum  chord  stresses  are  the  sums  of  the  dead  and  live  load  chord  stresses,  while 
the  minimum  chord  stresses  are  those  due  to  dead  load  alone.  The  hip  vertical  is  simply  a  hanger 
and  has  a  minimum  stress  of  one  dead  load  and  a  maximum  stress  of  one  live  and  one  dead  load. 
Conditions  for  maximum  and  minimum  stresses  in  webs  are  the  same  as  for  the  Warren  truss. 

(c)  Results. — ^There  is  no  dead  load  shear  in  the  middle  panel,  but  it  is  seen  that  there  are 
Kresses  in  the  counters  for  live  loads.  Only  one  of  the  counters  will  be  in  action  at  one  time. 
Wliencver  tl^  center  of  gravity  of  the  loads  is  not  in  the  center  line  of  the  truss,  that  counter 
will  be  acting  that  extends  downward  toward  the  center  of  gravity.  The  numerators  of  the 
maximum  and  minimum  live  load  web  coefficients  are  o,  1,3,  6,  10, 15,  21,  as  for  the  Warren  truss. 
This  shows  that  maximum  and  minimum  web  stresses  are  proportional  to  ordinates  to  a  parabola. 

Problem  iia.    Maximum  and  Minimum  Stresses  in  a  Pratt  Truss  by  Algebraic 

Resolution. 

(a)  Problem.— Given  a  Pratt  truss,  span  160'  o",  panel  length  20'  o",  depth  26'  o",  dead 
load  700  lb.  per  lineal  foot  per  truss,  live  load  1,500  lb.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution.  Scale  of 
truss,  I"  -  25'  o". 

Problbm  12.    Maximum  and  Minimum  Stresses  in  a  Howe  Truss  by  Algebraic  Resolution. 

(a)  Problem. — Given  a  Howe  truss,  span  loi'  3",  panel  length  11'  3",  depth  22'  6",  dead 
load  700  lb.  per  lineal  foot  per  truss,  live  load  1,000  lb.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 

(6)  Methods. — Construct  three  truss  diagrams  as  shown.  On  the  first  diagram  place  the 
dead  load  coefficients  and  the  dead  load  stresses.  On  the  second  diagram  place  the  live  load  web 
coefficients  and  the  maximum  and  minimum  live  load  stresses.  On  the  third  diagram  place  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads.  The  conditions  for  loading  for  the 
maximum  and  minimum  stresses  are  the  same  as  for  a  Pratt  truss  except  that  the  vertical  tie 
1-2  carries  the  shear  in  the  first  panel  and  has  a  maximum  stress  for  a  full  load  on  the  truss. 

(c)  Results. — ^The  vertical  members  are  always  in  tension,  while  the  diagonal  members  are 
always  in  compression.  The  web  members  meeting  on  the  unloaded  chord  (top  chord)  have 
maximum  and  minimum  stresses  for  the  same  loading.  The  counters  in  the  center  panel  carry 
live  load  stress  only,  the  counter  acting  downward  away  from  the  center  of  gravity  of  the  loads 
being  stressed.  The  maximum  and  minimum  web  stresses  are  the  algebraic  sums  of  the  corre- 
sponding dead  and  live  load  stresses.  The  maximum  chord  stresses  are  the  sums  of  the  dead  and 
U\'e  load  chord  stresses,  while  the  minimum  chord  stresses  are  the  dead  load  stresses  alone. 

Problem  i2a.  Maximum  and  Minimum  Stresses  in  a  Howe  Truss  by  Algebraic  Resolution. 

(a)  Problem. — Given  a  Howe  truss,  span  120'  o",  panel  length  12'  o",  depth  24'  0",  dead 
load  700  lb.  per  lineal  foot  per  truss,  live  loa^  1,000  lb.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution.  Scale  of 
truss,  1"  -  20'  o". 
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SOLUTIONS  OF  PROBLEMS.  83 

Problem  13.    Maximum  and  Minimum  Stresses  in  a  Deck  Baltimorb  Truss  by  Algebraic 

Resolution. 

(a)  Problem. — Given  a  deck  Baltimore  truss,  span  280'  o",  panel  length  20'  o",  depth  40'  o", 
dead  load  0.375  tons  per  lineal  foot  per  truss,  live  load  0.625  tons  per  lineal  foot  per  truss.  Calcu- 
late the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
(6)  Methods. — Construct  three  truss  diagrams  and  use  them  as  shown. 
Dead  Load  Stresses. — ^The  auxiliary  struts  1-2,  5-6,  9-10,  etc.,  carry  a  full  dead  load  compres- 
sion, while  the  auxiliary  web  members  2-3,  6-7,  lo-ii,  etc.,  have  a  tensile  stress  of  iW-sec  0. 
The  stress  in  i-F  equals  the  shear  in  the  panel  multiplied  by  sec  ^  =  —  6J  W-sec  d.  The  stress 
in  3~K  equals  the  shear  in  the  panel  multiplied  by  sec  0,  plus  the  inclined  component  of  the  one- 
half  load  that  is  carried  toward  the  center  by  the  auxiliary  member  2-3,  =  —  (5}  -[-  i)  W-sec  B  » 

—  bW'9ec9.  The  stress  in  3-4  is  the  vertical  component  of  the  stress  in  3-F  «  -[-  61^.  The 
stress  in  4- y  is  the  horizontal  component  of  the  stress  in  3-F  =  —  6W'tan  B,  The  stress  in 
i-X  and  2-X  —  +  6|Tr'tan  &.  The  stress  in  4-5  is  the  inclined  component  of  the  shear  in  the 
panel  =  -  ^iW-xc  B.  The  stress  in  ^-X  =  -  (-  6  -  4J)Pr-tan  «  «  +  \o\W'tan  B,  The 
remaining  dead  load  stresses  are  calculated  in  a  similar  manner. 

Live  Load  Web  Stresses, — ^The  maximum  shears  in  the  different  panels  occur  when  the  longer 
segment  of  the  truss  is  loaded,  while  the  minimum  shears  occur  when  the  shorter  segment  of  the 
truss  is  loaded.  The  maximum  stresses  in  the  webs  in  the  first  and  second  panels  occur  for  a  full 
live  load  on  the  bridge.  The  maximum  shear  in  the  third  panel  occurs  with  all  loads  to  the  right 
of  the  panel  and  no  loads  to  the  left.     The  shear  in  the  panel  will  then  be  equal  to  the  left  reaction 

=  II  X  J(ii  +  i)P/i4  =  66/14P.  The  maximum  live  load  stress  in  4-5  will  be  =  —  66/14 
P-sec  ^.     With  a  maximum  stress  in  4-5  the  stress  in  4-7  will  be  =  (  —  66/14  +  7/i4)jP-sec  B 

=  —  59/14^* sec  B,  This  is  the  maximum  stress,  for  the  stress  in  4-7  when  there  is  a  maximum 
shear  in  the  panel  is  =  10  X  11/2  X  1/14^- sec  ^  =  —  55/14^- sec  B.  In  a  similar  manner  it  will 
be  found  that  maximum  stresses  in  members  8-9  and  8-11  occur  with  a  maximum  shear  in  8-9. 
On  the  right  side  it  will  be  seen  that  minimum  stresses  in  the  diagonals  occur  for  a  minimum 
shear  in  the  odd-numbered  panels  from  the  right. 

(c)  Results. — ^The  dead  and  live  loads  were  assumed  as  applied  on  the  upper  chord.  The 
upper  chorda  are  in  compression,  while  the  lower  chords  are  in  tension  the  same  as  for  a  through 
truss;.  The  live  and  dead  load  stresses  are  given  separately  on  the  left  side  of  the  lower  truss  as 
required  by  Cooper's  Specifications. 


Problem  13A.    Maximum  and  Minimum  Stresses  in  a  Deck  Baltimore  Truss  by  Algebraic 

Resolution. 

(a)  Problem. — Given  a  deck  Baltimore  truss,  span  320'  o",  panel  length  20'  o",  depth  50'  o", 
dead  load  0.3  tons  per  lineal  foot  per  truss,  live  load  0.5  tons  per  lineal  foot  per  truss.  Calculate 
the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution.  Scale 
of  trusB,  i"  ^  40'  o"- 


Problem  14.    Maximum  and  Minimum  Stresses  in  a  Quadrangular  Warren  Truss  by 

Algebraic  Resolution. 

(a)  ProUem. — Given  a  quadrangular  Warren  truss,  span  120'  o",  panel  length  15'  o",  depth 
18'  o",  dead  load  400  lb.  per  lineal  foot  per  truss,  live  load  800  lb.  per  lineal  foot  per  truss.  Calcu* 
late  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
Scale  of  truss,  i"  -  20'  o". 
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(6)  Methods. — Construct  four  truss  diagrams  as  shown. 

Dead  Load  Stresses. — ^The  left  reaction  is  3i  W  and  the  stresses  in  the  end-post  and  end  panel 
in  the  bottom  chord  are  +  3JTr-sec  6  and  —  3JPF»tan  d,  respectively.  The  other  stresses  are 
indeterminate  in  working  from  the  abutment,  and  it  is  necessary  to  pass  to  the  center  of  the  truss. 
The  two  diagonals  meeting  at  the  middle  of  the  top  chord  will  have  no  stress  for  dead  load,  and 
the  load  at  the  middle  of  the  truss  will  be  equally  divided  between  the  two  diagonals  meeting  at 
the  center  of  the  bottom  chord.  Passing  to  the  left,  the  first  load  to  the  left  of  the  center  is  carried 
directly  to  the  left  abutment  as  shown,  while  the  corresponding  load  on  the  right  of  the  center  is 
carried  directly  to  the  right  abutment.  The  remaining  shears  can  now  be  calculated.  The  chord 
stresses  can  now  be  calculated  as  in  the  case  of  a  single  intersection  truss. 

Live  Load  Stresses. — ^The  coefficients  of  the  maximum  chord  stresses  are  the  same  as  the  dead 
load  chord  coefficients.  The  maximum  and  minimum  live  load  web  stresses  are  not  statically 
determinate,  but  the  following  solution  gives  approximate  results:  Divide  the  truss  into  two 
systems,  the  first  carrying  three  full  loads  and  the  second  carrying  four  full  loads  as  shown.  Then 
calculate  the  maximum  and  minimum  web  stresses  in  the  two  systems  separately  in  the  usual 
manner.  The  maximum  web  stresses  i^'ill  occur  with  the  longer  segment  loaded,  while  the  mini- 
mum web  stresses  will  occur  with  the  shorter  segment  loaded.  The  maximum  and  minimum 
stresses  are  given  in  the  fourth  diagram. 

(c)  Results. — ^The  live  load  web  stresses  as  calculated  above  are  approximate,  but  are  on 
the  safe  side.  The  exact  solution  can  be  made  only  by  an  application  of  the  "Theory  of  Least 
Work."  This  type  of  truss,  with  riveted  connections,  is  used  by  the  American  Bridge  Company 
for  spans  of  8o  to  170  feet. 
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Problem  14A.    Maximum  and  Minimum  Stresses  in  a  Quadrangular  Warren  Truss  by 

Algebraic  Resolution. 

(a)  ProblenL — Given  a  quadrangular  Warren  truss,  span  135'  o",  panel  length  15'  o",  depth 
20'  o^,  dead  load  400  lb.  per  lineal  foot  per  truss,  live  load  700  lb.  per  lineal  foot  per  truss.  Calcu- 
late the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
Scale  of  truss,  i"  -  20'  o". 


Problem  15.    Maximum  and  Minimum  Stresses  in  a  Whipple  Truss  by  Algebraic 

Resolution. 

(a)  ProbleiiL — Given  a  Whipple  truss,  span  260'  o",  panel  length  20'  o",  depth  40'  o",  dead 
load  1,200  lb.  per  lineal  foot  per  truss,  live  load  2,000  lb.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution.  Scale  of 
truss,  i"  «  30' o". 

(b)  Methods. — ^The  dead  load  stresses  and  the  maximum  live  load  chord  stresses  can  be 
calculated  by  beginning  at  the  center  and  calculating  the  shears,  and  then  calculating  the  chord 
stresses  as  in  Problem  14.  The  maximum  and  minimum  live  load  web  stresses  are  statically 
indeterminate  as  were  the  web  stresses  in  Problem  14.  The  usual  solution  of  this  problem  is  to 
divide  the  truss  into  two  trusses  of  single  intersection.  The  dead  and  the  live  load  chord  stresses 
and  the  maximum  and  minimum  web  stresses  are  then  calculated  as  for  independent  trusses. 
The  loads  at  the  foot  of  the  hip  verticals  are  assumed  as  equally  divided  between  the  two  systems. 
The  final  chord  stresses  are  the  sums  of  the  chord  stresses  in  the  separate  trusses.  The  stresses 
in  the  web  members,  except  the  hip  vertical,  are  as  given  in  the  separate  trusses.  In  solving  the 
problem  the  partial  truss  diagrams  should  be  drawn.  The  trusses  will  be  unsymmetrical,  one 
being  the  same  as  the  other  turned  end  for  end.  With  the  joints  all  loaded  the  dead  load  chord 
and  web  coefficients,  and  the  live  load  chord  coefficients  are  calculated.  In  calculating  the  maxi- 
mum live  load  web  coefficients  the  loads  are  moved  off  to  the  right,  and  the  maximum  stresses 
in  the  webs  on  the  left  of  the  center  will  occur  when  the  longer  segment  is  loaded,  and  the  minimum 
stresses  in  the  webs  on  the  right  will  occur  when  the  shorter  segment  is  loaded.  Then  with  all 
joints  in  the  truss  loaded  move  the  loads  off  to  the  left,  calculating  the  maximum  web  coefficients 
on  the  right  of  the  center  and  the  minimum  web  coefficients  on  the  left  of  the  center.  In  calculate 
ing  the  stresses  from  the  shears  it  will  be  seen  that  functions  of  two  angles  are  used.  The  relation 
between  the  two  angles  is  tan  9'  «  2  tan  9.  Web  coefficients  in  terms  of  6  are  enclosed  in  a  ring. 
The  calculation  of  the  chord  coefficients  may  be  illustrated  by  calculating  the  coefficient  of  the 
end  panel  of  the  upper  chord  =  -  [-  156/26  -  70/26  -  2(60/26)]  PT- tan  6  =  346/26irtan  6. 

(c)  Results. — ^The  chord  stresses  calculated  as  above  do  not  agree  with  those  calculated  by 
banning  at  the  center  of  the  truss  as  in  Problem  14.  The  student  should  calculate  the  dead 
load  chord  and  web  stresses  and  the  live  load  chord  stresses  as  in  Problem  14.  Whipple  trusses 
were  usually  built  with  an  odd  number  of  panels.  The  Whipple  truss  was  formerly  quite  generally 
used  for  long  span  highway  and  railway  bridges,  but  is  now  rarely  built,  being  replaced  by  the 
Petit  truss. 


Problem  15A.    Maximum  and  Minimum  Stresses  in  a  Whipple  Truss  by  Algebraic 

Resolution. 

(a)  Froblem. — Given  a  Whipple  truss,  span  260'  o",  panel  length  20'  o",  depth  40'  o",. 
dead  load  1,200  lb.  per  lineal  foot  per  truss,  live  load  2,000  lb.  per  lineal  foot  per  truss.  Calculate 
the  maximum  and  minimum  stresses  due  to  dead  and  live  loads.  Calculate  the  dead  load  chord 
and  web  stresses  and  the  live  load  chord  stresses  as  in  Problem  14.    Scale  of  truss,  i''  »  30'  o".. 
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Problem  i6.    Maximum  and  Minimum  Stresses  in  a  Through  Baltimore  Truss  by 

Algebbaic  Resolution. 

(a)  ProUenu — Given  a  through  Baltimore  truss,  span  320'  o*',  panel  length  20'  o'',  depth 
40'  o",  dead  load  800  lb.  per  lineal  foot  per  truss,  live  load  1,800  lb.  per  lineal  foot  per  truss. 
Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution. 
Scale  of  truss,  i"  =  40'  o". 

(6)  Methods. — Construct  three  truss  diagrams  as  shown. 

Dead  Load  Stresses. — The  shear  in  each  of  the  hangers  is  W,  while  the  stress  in  each  of  the 
diagonal  auxiliary  members  is  —  JPF-sec  $,  The  stress  in  the  upper  part  of  the  end-post  is 
(4- 6J  +  i)W'9ecd  =  -\-  jW-eecB,  where  -f  6  J  IT*  sec  d  is  the  stress  due  to  the  shear  and 
+  iW-sec  $  is  the  stress  due  to  the  half  load  carried  toward  the  center  by  the  auxiliary  diagonal 
member.  The  stress  in  the  main  diagonal  in  the  third  panel  is  —  ^iW-secB,  where  siW  is  the 
shear  in  the  panel;  while  the  stress  in  the  diagonal  in  the  fourth  panel  is  (~  4}  —  i)W'8ec6  » 
—  5 IT- sec  ^,  where  ^iW-secB  is  the  stress  due  to  the  shear  in  the  panel  and  iTT-sec  ^  is  the 
stress  carried  toward  the  center  of  the  truss  by  the  auxiliary  member.  The  chord  coefficients 
are  calculated  as  in  Problem  13. 

LtPe  Load  Stresses. — The  maximum  shear  in  the  third  panel  occurs  with  13  loads  to  the  right 
of  the  panel  and  with  no  loada  to  the  left  of  the  panel.  The  shear  in  the  panel  is  then  equal  to 
the  left  reaction,  equals  13  X  J(i3  +  i)  X  P/16  =  IJP.  The  stress  in  the  main  diagonal  in 
the  third  panel  is  then  equal  to  —  fiP'sec  B.  The  stress  in  the  main  diagonal  in  the  fourth  panel 
is  (—  HP  -f  iVP)  sec  ^  «  —  H-P*sec  ^,  =  a  maximum,  the  maximum  shear  in  the  panel  being 
12  X  }(i2  -f  i)  X  P/16  ■=  IIP.  In  like  manner  the  maximum  stresses  are  found  in  the  5th  and 
6th  panels  when  there  is  a  maximum  shear  in  the  5th  panel,  and  in  the  7th  and  8th  panels  when 
there  is  a  maximum  shear  in  the  7th  panel.  Minimum  stresses  in  the  3d  and  4th  panels  from  the 
right  abutment  occur  when  there  is  a  minimum  shear  in  the  3d  panel;  and  in  the  5th  and  6th 
panels  when  there  is  a  minimum  shear  in  the  5th  panel. 

(c)  Results. — ^The  double  panels  next  to  the  center  require  counters.  It  should  be  noticed 
that  in  calculating  the  stresses  in  these  counters  the  diagonal  auxiliary  ties  will  have  the  dead  load 
stress  of  +  5>66  tons  as  a  minimum. 


Problem  i6a.    Maximum  and  Minimum  Stresses  in  a  Through  Baltimore  Truss  by 

Algebraic  Resolution. 

(a)  Problem. — Given  a  through  Baltimore  truss,  span  320'  o",  panel  length  20'  o",  depth 
45'  o'\  dead  load  800  lb.  per  lineal  foot  per  truss,  live  load  1,800  lb.  per  lineal  foot  per  truss.  All 
the  auxiliary  ties  are  to  be  in  compression  as  in  the  ist  and  2d  panels  in  Problem  16  and  as  in 
Problem  6.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic 
resolution.    Scale  of  truss,  i"  >b  40'  o''. 


Pkoblbm  17.    Maximum  and  Minimum  Stresses  in  a  Camel-bace  Truss  by  Algebraic 

Moments. 

(a)  ProblenL — Given  a  Camel-back  truss,  span  100'  o",  panel  length  20'  o",  depth  at  hip 
20'  0",  depth  at  center  25'  o",  dead  load  300  lb.  per  lineal  foot  per  truss,  live  load  800  lb.  per  lineal 
foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by 
algebraic  moments.     Scale  of  truss,  i''  «  20'  o". 

(b)  Methods. — Calculate  the  arms  of  the  forces  as  shown  and  check  the  values  by  scaling 
from  the  drawing. 
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Dead  Load  Stresses. — ^To  calculate  the  stress  in  the  end-po^t  LoUi,  take  center  of  moments 
at  Li,  and  pass  a  section  cutting  LoUi,  U\Li  and  LiL%,  and  cutting  away  the  truss  to  the  right. 
Then  assume  stress  LqUi  as  an  external  force  acting  from  the  outside  toward  the  cut  section,  and 
stress  LqUiX  14.14  —  -Ri  X  20  «  o.  Now  i?i  «  6  tons  and  stress  Z^C/i  -  -f  8.48  tons.  To 
calculate  the  stresses  in  LJLi  and  LiLi  take  the  center  of  moments  at  Ui,  and  pass  a  section 
cutting  members  UiUt,  UiLt  and  LiLt,  and  cutting  away  the  truss  to  the  right.  Then  assume 
the  stress  in  LiLt  as  an  external  force  acting  from  the  outside  toward  the  cut  section,  and 
LiLt  X  20  —  J?i  X  20  —  o.  Now  i^i  =  6  tons  and  the  stress  in  LoLi  =  LiLt  »  —  6  tons.  To 
calculate  the  stress  in  Ui  Ut  take  the  center  of  moments  at  Lf ,  and  pass  a  section  cutting  members 
UiUi,  UiLi  and  LfLj',  and  cutting  away  the  truss  to  the  right.  Then  assume  the  stress  in  LiUt 
as  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  UiUt  X  24.25  —  i?i  X  40 
-^  W  X  20  '^  o,  Now-Ri  =  6,  IT  »  3  tons,  and  the  stress  in  UiUt  ^  -\-  7.42  tons.  To  calculate 
the  stress  in  UiLt  take  the  center  of  moments  at  A,  and  pass  a  section  cutting  members  UiUt, 
UiLtt  and  Lil-j,  and  cutting  away  the  truss  to  the  right.  Then  assume  the  stress  in  UiLt  as  an 
external  force  acting  from  the  outside  toward  the  cut  section,  and  UiLt  X  70.7  +  -Ri  X  60  —  TT 
X  80  —  o.  Now  i^i  =  6  tons  and  PF  —  3  tons,  and  U1L2  X  70.7  =  —  120  ft. -tons,  and  stress 
UiLt  ■■  —  1.70  tons.     The  other  dead  load  stresses  are  calculated  as  shown. 

Live  Load  Stresses. — ^The  live  load  chord  stresses  are  equal  to  the  dead  load  chord  stresses 
multiplied  by  8/3.  The  maximum  stress  in  UiLt  will  occur  with  loads  at  In,  Lt,  and  Li',  while 
the  maximum  stress  in  counter  UiLi  will  occur  with  a  load  at  Li  only.  The  maximum  tension  in 
UiLt  will  occur  with  all  the  live  loads  on  the  bridge,  while  the  maximum  compression  will  occur 
when  there  is  a  maximum  stress  in  the  counter  UtLt,  loads  at  Lt  and  Li\  The  details  of  the 
solution  are  shown  in  the  problem. 
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(c)  Results. — ^The  stress  in  the  counter  U%Lt  and  the  chords  UtUt  and  LiU  may  be  calcu- 
lated by  the  method  of  coefficients,  and  will  be  the  same  as  for  a  truss  with  parallel  chords  having 
a  depth  of  25'  o".  The  maximum  stress  in  UtLt  will  occur  with  loads  L%  and  Li  on  the  bridge, 
when  the  left  reaction  equals  2  X  3P/5  -  6/5P.  The  stress  in  U%JL%^  —  6liP'9SC  ^  -  —  6.15 
tons. 

Problem  17A.    Maximum  and  Minimum  Stresses  in  a  Camel-bace  Truss  by  Algebraic 

Moments. 
(a)  Problem. — Given  a  Camel-back  truss,  span  120'  o",  panel  length  20'  o",  depth  at  hip 
25'  o",  depth  at  27j  30'  o",  depth  at  Ut  30'  o",  dead  load  300  lb.  per  lineal  foot  per  truss,  live  load 
800  lb.  per  lineal  foot  per  truss.     Calculate  the  maximum  and  minimum  stresses  due  to  dead  and 
live  loads. 

Problem  18.    Maximum  and  Minimum  Stresses  in  a  Through  Warren  Truss  by  Graphic 

Moments. 

(a)  Problem. — Given  a  through  Warren  truss,  span  140'  o",  panel  length  20'  o",  depth  20'  o"» 
dead  load  800  lb.  per  lineal  foot  per  truss,  live  load  1,200  lb.  per  lineal  foot  per  truss.  Calculate 
the  maximum  and  minimum  stresses  by  graphic  moments.  Scale  of  truss,  i''  »  20'  o".  Scale 
of  loads,  i"  B  50,000  lb. 

(6)  Methods.  Chord  Stresses. — Calculate  the  center  ordinate  of  the  parabola  -  wU/Sd 
»  98,000  lb.,  and  lay  it  off  at  5  to  the  prescribed  scale.  Now  lay  off  the  vertical  line  1-5  at  the 
left  and  right  abutments.  Make  1-2  =  2-3  »=  3-4  =  2  (4-5).  Draw  the  inclined  lines  1-5, 
*"5t  3-5f  4-5*  5~5-  The  intersections  of  these  lines  with  verticals  let  drop  from  the  lower  chord 
points  are  points  in  the  stress  parabola  for  the  upper  chord  stresses.  The  stresses  in  the  lower 
chords  are  the  arithmetical  means  of  the  stresses  in  the  upper  chords  on  each  side.  By  changing 
the  scale  the  live  load  stresses  may  be  scaled  directly  from  the  diagram. 

Web  Stresses. — ^At  the  distance  of  a  panel  to  the  left  of  the  left  abutment  lay  off  the  vertical 
line  1-8  equal  to  one-half  the  total  live  load  on  the  truss,  to  the  prescribed  scale,  equal  1,200  X  70 
«  84,000  lb.  Now  divide  the  line  1-8  into  as  many  equal  parts  as  there  are  panels  in  the  truss, 
and  mark  the  points  of  division  2,  3,  4,  etc.  Connect  these  points  of  division  with  the  panel 
pcMnt  7,  the  first  panel  point  to  the  left  of  the  right  abutment.  Drop  verticals  from  the  panel 
points  of  the  lower  chord  of  the  truss  to  the  line  1-8,  and  the  intersections  of  like  numbered  lines 
will  give  points  on  the  curve  of  maximum  live  load  shears. 

To  construct  the  dead  load  shear  diagram,  lay  off  3 IT,  downward  to  the  prescribed  scale 
under  the  left  abutment,  and  reduce  the  shear  under  each  load  to  the  right  by  PF,  until  the  dead 
load  shear  is  —  3PF'  at  the  right  abutment.  The  dead  load  shear  diagram  is  then  constructed 
as  shown. 

Maximum  and  Minimum  Web  Stresses. — ^The  maximum  shear  in  any  panel  is  then  the  ordinate 
to  the  right  of  the  panel  point  on  the  left  end  of  the  panel,  and  the  stresses  in  the  web  members 
are  calculated  by  drawing  lines  parallel  to  the  corresponding  member  as  shown.  Positive  stresses 
are  measured  downwards  from  the  live  load  shear  curve,  and  negative  stresses  are  measured 
upwards  from  the  live  load  shear  curve. 

(c)  Results. — ^This  method  is  an  excellent  one  for  illustrating  the  effect  of  the  different  systems 
of  loads,  but  consumes  too  much  time  to  be  of  practical  use.  It  should  be  noted  that  the  maximum 
ordinate  to  the  chord  parabola  is  not  a  chord  stress  in  a  Warren  truss  with  an  odd  number  of  panels. 

Problem  i8a.    Maximum  and  Minimum  Stresses  in  a  Through  Warren  Truss  by 

Graphic  Moments. 
(a)  FtoUem. — Given  a  through  Warren  truss,  span  160'  o'',  panel  length  20'  o'',  depth 
24'  o",  dead  load  900  lb.  per  lineal  foot  per  truss,  live  load  1,200  lb.  per  lineal  foot  per  truss. 
Cakiilatf  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  graphic  moments. 
Scale  of  truss,  i"  -  25'  o".    Scale  of  loads,  i"  -  50,000  lb. 
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Problem  19.    Maximum  and  Minimum  Stresses  in  an  Inclined  Chord  Through  Warren 

Truss  bV  Graphic  Resolution. 

(a)  Problem. — Given  an  inclined  chord  through  Warren  truss,  span  100'  o",  panel  length 
30'  o",  depth  at  the  hip  15'  o",  depth  at  the  second  panel  22'  6'',  depth  at  the  center  25'  o*\  dead 
load  600  lb.  per  lineal  foot  per  truss,  live  load  1,000  lb.  per  lineal  foot  per  truss.  Calculate  the 
maximum  and  minimum  stresses  due  to  dead  and  live  loads  by  graphic  resolution.  Scale  of  truss, 
i"  =  15'  o".    Scale  of  dead  loads,  i"  ■=  9,000  lb.    Scale  of  live  loads  as  shown. 

Q>)  Methods. — Construct  a  truss  diagram  and  calculate  the  dead  load  stresses  in  the  usual 
way  as  shown.  The  live  load  chord  stresses  are  found  by  multiplying  the  dead  load  chord  stresses 
^y  5/3*  1*0  calculate  the  maximum  and  minimum  web  stresses  proceed  as  follows:  Assume  that 
the  truss  is  fixed  at  the  right  abutment  and  that  the  left  reaction  is  i^i  »  say  10,000  lb.  with  no 
loads  on  the  bridge.  Then  beginning  at  the  left  reaction  Ri,  calculate  by  graphic  resolution  the 
stresses  in  the  diflferent  members  of  the  truss  due  to  the  left  reaction  of  10,000  lb.,  there  being  no 
loads  on  the  bridge.  The  reaction  is  laid  off  to  a  scale  of  i"  »  6,000  lb.  Now  to  calculate  the 
maximum  live  load  stress  in  any  web  member  multiply  the  stress  as  scaled  from  the  diagram 
by  the  ratio  of  the  left  reaction  which  produces  the  maximum  stress  to  10,000  lb.  For  example, 
the  member  1-2  has  a  maximum  stress  with  all  the  joints  loaded  and  the  reaction  is  20,000  lb.,  or 
the  scale  of  the  stress  is  i"  =  12,000  lb.  The  stress  1-2  then  equals  —  14,500  lb.  The  maximum 
live  load  stress  in  2-3  occurs  with  loads  at  the  three  panel  points  at  the  right,  and  i?s  ■■  1(3  X  2P) 
»  12,000  lb.,  or  the  scale  of  the  stress  in  the  diagram  is  i"  »  7,200  lb.,  and  the  stress  in  2-3 
equals  +  7,900  lb.    The  stresses  in  the  remaining  web  members  are  calculated  in  the  same  manner. 

(c)  Results. — ^This  solution  may  be  used  to  calculate  the  maximum  and  minimum  stresses 
in  any  truss,  but  it  is  best  adapted  to  the  solution  of  stresses  in  trusses  like  the  one  shown.  The 
maximum  and  minimum  stresses  are  given  on  the  right  hand  side  of  the  truss  diagram. 

Problem  19A.    Maxdiuii  and  Minimum  Stresses  in  an  Inclined  Chord  Through  Warren 

Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  an  inclined  chord  through  Warren  truss,  span  120'  o",  panel  length 
20'  o",  depth  at  the  hip  15'  o",  depth  at  the  second  panel  in  the  top  chord  22'  6",  depth  at  the 
third  panel  25'  o"  (middle  panel  has  parallel  chords),  dead  load  600  lb.  per  lineal  foot  per  truss, 
live  load  1,100  lb.  per  lineal  foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due 
to  dead  and  live  loads  by  graphic  resolution.  Scale  of  truss,  i''  »  20'  o".  Scale  of  dead,  loads, 
i"  *  10,000  lb.    Scale  of  live  loads  as  calculated. 

Problem  20.    Maximum  and  Minimum  Stresses  in  an  Inclined  Chord  Through  Pratt 

Truss  by  Graphic  Resolution. 

(a)  Problem. — Given  an  inclined  chord  through  Pratt  truss,  span  120'  o",  panel  length 
20'  o",  depth  at  hip  25'  o",  depth  at  second  panel  point  30'  o",  dead  joint  load  3  tons  per  truss, 
live  jomt  load  8  tons  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and 
live  loads  by  graphic  resolution.  Scale  of  truss,  i"  «  20'  o''.  Scale  of  dead  loads,  i"  »  3.75 
tons.    Scale  of  live  loads  as  calculated. 

(b)  Methods. — Construct  a  truss  diagram  and  calculate  the  dead  load  stresses  in  the  usual 
way  as  shown.  The  live  load  chord  stresses  are  calculated  by  multiplying  the  dead  load  stresses 
l>y  8/3.  To  calculate  the  maximum  and  minimum  web  stresses  proceed  as  follows:  Assume  the 
truss  as  fixed  at  the  right  abutment  and  that  the  left  reaction  »  say  20  tons  with  no  loads  on 
the  bridge.  Then,  beginning  at  the  left  reaction  R\,  calculate  by  graphic  resolution  the  stresses 
in  the  different  members  of  the  bridge  due  to  the  left  reaction  of  20  tons,  there  being  no  loads  on 
the  bridge.  The  reaction  is  laid  off  to  a  scale  of  i"  »  20  tons.  Now  to  calculate  the  maximum 
stress  in  any  web  member  multiply  the  stress  as  scaled  from  the  diagram  by  the  ratio  of  the  left 
reaction  which  produces  the  maximum  stress  to  20  tons.    For  example,  the  member  i-x  has  a 
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maximum  stress  with  all  joints  loaded  and  the  reaction  is  20  tons  and  the  scale  of  the  stress  fs 
i"  =  20  tons.  The  stress  in  2-3  is  scaled  from  the  diagram  and  is  +  25.6  tons.  The  maximum 
live  load  stress  in  2-3  occurs  with  loads  on  four  panel  points  to  the  right,  and  Ri  =  (2  J  x  4P)/6 
—  13-33  tons,  or  the  scale  of  the  stress  in  the  diagram  is  found  by  the  proportion  x  :  13.33  ••  20:  20, 
and  *  =  13.33  tons  per  inch.  The  stress  in  2-3  =  —  11. 4  tons.  The  live  load  stresses  in  the 
remaining  web  members  are  calculated  in  the  same  manner.  When  the  counters  are  acting  there 
will  be  no  dead  load  stresses  in  the  main  tie  in  the  same  panel.  This  makes  it  necessary  to  calculate 
the  dead  load  stresses  in  the  counters  and  in  the  posts  when  the  counters  are  acting.  The  calcula- 
tions for  the  dead  load  stresses  in  the  counters  and  in  the  posts  when  the  counters  are  acting  have 
been  calculated  in  the  dead  load  stress  diagram  and  are  shown  by  the  primes.  The  maximum 
and  minimum  stresses  are  found  by  combining  the  dead  and  live  load  stresses  in  the  same  manner 
as  when  the  stresses  are  calculated  by  algebraic  moments. 

(a)  Results. — ^This  solution  is  an  excellent  one  to  use  in  checking  the  results  obtained  by 
algebraic  methods.  The  maximum  and  minimum  stresses  are  given  on  the  right  hand  side  of 
the  truss  diagram. 

Problem  20A.    Maximum  and  Minimum  Stresses  in  an  Inclined  Chord  Through  Pratt 

BY  Graphic  Resolution. 

(a)  Problem. — Given  an  inclined  chord  through  Pratt  truss,  span  100'  o",  panel  lens;th 
20'  o",  depth  at  hip  25'  o",  depth  at  second  panel  30'  o",  dead  joint  load  3  tons  per  truss,  live 
joint  load  8  tons  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live 
loads  by  graphic  resolution.  Scale  of  truss  i"  ■■  20'  o".  Scale  of  dead  loads  i"  =  3  tons. 
Scale  of  live  loads  as  calculated. 
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Problem  21.    Maximum  and  Minimxtm  Stresses  in  a  Through  K-truss  by  Algebraic 
Resolution  (Method  of  Coefficients). 

(a)  Problem. — Given  a  through  K-truss,  span  160'  o",  panel  length  16'  o",  depth  32'  o", 
dead  load  5  tons  per  joint  per  truss,  live  load  6  tons  per  joint  per  truss.  Calculate  the  maximum 
and  minimum  stresses  due  to  dead  and  live  loads  by  algebraic  resolution.  Scale  of  truss 
I"  =  24'  o". 

(b)  Methods. — Construct  three  truss  diagrams  as  shown. 

Dead  Load  Stresses. — ^The  horizontal  components  of  the  stress  in  the  diagonals  in  the  third 
and  following  panels  must  be  equal  but  opposite  in  direction.  The  shear  in  the  panel  is 
therefore  equally  divided  between  the  two  diagonals.  The  coefficients  are  given  in  fourths  of  W 
for  convenience.  The  stress  in  the  first  hanger  will  be  —  4  fourths,  and  the  coefficient  of  the  stress 
in  the  diagonal  will  be  +  2  fourths.  The  shear  in  the  third  panel  will  be  18  fourths  minus  8 
fourths,  which  is  10  fourths.  The  coefficient  of  the  stress  in  the  upper  and  lower  diagonals  will 
be  -f  5  and  —  5  fourths,  respectively.  In  like  manner,  the  coefficients  of  the  stress  in  the  upper 
and  lower  diagonals  in  the  fourth  panel  will  be  -|-  3  fourths  and  —  3  fourths,  respectively;  and 
the  coefficients  in  the  fifth  panel  +  i  fourth  and  —  i  fourth,  respectively.  The  coefficients  of 
the  stresses  in  the  posts  and  in  the  chords  are  calculated  by  algebraic  resolution  in  the  same 
manna*  as  for  a  Baltimore  truss. 

Live  Load  Stresses, — ^The  maximum  stress  in  the  diagonals  in  the  third  panel  occurs  with  7 
loads  to  the  right  of  the  panel  and  with  no  loads  to  the  left  of  the  panel.  The  shear  in  the  panel 
b  then  equal  to  the  left  reaction,  equals  7  x  4  x  P/io  »  14P/5  and  the  coefficient  of  the  stress  is 
+  28  twentieths  and  —  28  twentieths  in  the  upper  and  lower  diagonal,  respectively.  The  maxi- 
mum shear  in  the  fourth  panel  will  occur  with  6  loads  to  the  right  and  no  loads  to  the  left,  and  will 
be  equal  to  the  left  reaction,  equals  6  x  3}  x  P/io  »  21P/10,  and  the  coefficient  of  the  stress  is 
H-  21  twentieths  and  —  21  twentieths  in  the  upper  and  lower  diagonals,  respectively.  The 
maximum  negative  shear  in  the  sixth  panel  occurs  with  4  loads  on  the  truss  to  the  right  and 
no  loads  to  the  left.  The  diagonals  are  designed  to  take  a  reversal  of  stress  and  no  counters  are 
required.  The  maximum  stresses  occur  in  the  upper  section  of  the  posts  when  maximum  stress 
occuiB  in  the  members  meeting  them  on  the  top  chord  have  a  maximum  stress.  The  maximum 
stresses  in  the  lower  part  of  the  posts,  with  the  exception  of  the  second  post  which  is  really  a 
tie,  occur  when  maximum  stress  occurs  in  the  diagonal  member  meeting  the  top  of  the  lower 
section  of  the  post. 

(a)  Resolts. — It  will  be  noted  that  the  upper  part  of  the  K-truss  has  Howe  truss  diagonals 
and  vertical  ties,  while  the  lower  part  has  Pratt  truss  diagonals  and  vertical  posts.  The  K-truss 
has  smaller  secondary  stresses  due  to  rigidity  of  the  joints  than  either  the  Baltimore  or  Petit 
truss,  and  is  rapidly  replacing  these  trusses  for  long  span  bridges.  For  long  spans  the  K-truss  is 
commonly  made  with  inclined  upper  chords. 

Problem  21A.    MxxiMxm  and  Minimum  Stresses  in  a  Through  K-truss  by  Algebraic 
Resolution  (Method  of  Coefficients). 

(c)  Problem. — Given  a  through  K-truss,  span  216'  o",  panel  length  18'  o",  depth  36'  o", 
dead  load  5  tons  per  joint  per  truss,  live  load  6  tons  per  joint  per  truss.  Calculate  the  maximum 
and  minimum  stresses  due  to  dead  and  Jive  loads  by  algebraic  resolution.  Scale  of  truss 
i"«3o'o". 

Problem  22.    Maximum  and  Minimum  Stresses  in  a  Petit  Truss  by  Algebraic  Moments. 

(a)  ProUem. — Given  a  Petit  truss,  span  350'  o",  panel  length  25'  o",  depth  at  the  hip  50'  o", 
depth  at  center  58'  o",  dead  load  0.9  tons  per  lineal  foot  per  truss,  live  load  1.4  tons  per  lineal 
foot  per  truss.  Calculate  the  maximum  and  minimum  stresses  due  to  dead  and  live  loads  by 
algebraic  moments.    Scale  of  truss,  i"  »  40'  o".    Scale  of  lever  arms,  any  convenient  scale. 
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Bridge  Analysis.  PetitTruss.  Problem  22. 

Stresses  by  Algebraic  Moments. 
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(6)  Methods. — Construct  a  truss  diagram  carefully  to  scale  as  shown.  Construct  one-half 
the  truss  to  scale  on  a  large  piece  of  paper  and  calculate  the  lever  arms  as  shown,  and  check  by 
scaling  from  the  diagram.    The  methods  of  calculation  will  be  shown  by  two  examples: 

1.  Stresses  in  Tie  6-7.  Dead  Load  Stress. — Pass  a  section  cutting  members  y-X,  6-7,  and 
6-Y,  and  cutting  away  the  truss  to  the  right.  The  center  of  moments  will  be  at  ^4,  the  inter- 
section of  chords  y-X  and  6-F.  Now  assume  the  stress  in  6-7  as  an  external  force  acting  from 
the  outside  toward  the  cut  section.  Then  for  equilibrium  6-7  X  477.0  -f  i?i  X  575  —  3W 
X  625  =  o.  Now  Ri  =  146.25  tons  and  W  =  22.5  tons,  and  solving  the  equation  gives  stress 
6-7  «=  —  87.8  tons. 

Live  Load  Stresses. — The  maximum  live  load  stress  in  6-7  will  occur  with  the  longer  segment 
of  the  truss  loaded.  Taking  moments  about  point  A  as  for  the  dead  loads  the  maximum  live  load 
stress  6-7  X  4770  +  ^1  X  575  "  o.  Now  Ri  -  55/14  X  35  tons  =  137.5  tons,  and  the  stress 
in  6-7  =  —  165.8  tons. 

The  minimum  live  load  stress  in  6-7  will  occur  with  the  shorter  segment  of  the  truss  loaded. 
Taking  moments  about  the  point  -4,  6-7  X  477.0  +  -Ri  X  575  —  3P  X  625  =  o.  Now  i?i  =  90 
tons,  P  =■  35  tons,  and  stress  in  6-7  =  +29.1  tons. 

2.  Stresses  in  Tie  4-7.  Dead  Load  Stress, — Pass  a  section  cutting  members  7-X,  4-7,  4-5 
and  $-Y,  and  cutting  away  the  truss  to  the  right.  Now  assume  the  stress  in  4-7  as  an  external 
force  acting  from  the  outside  toward  the  cut  section.  Then  for  equilibrium  about  the  point  A, 
stress  4-7  X  477.0  -\-  Ri  X  575  —  stress  4-5  X  442.0  —  2W^  X  612.5  =  o.  Now  the  member 
4-5  will  carry  one-half  the  load  carried  by  5-6,  and  the  stress  equals  1/2  X  22.5  X  1414  =  +15-9 
tons.     Ri  =  146.25  tons,  and  2?^  —  45  tons.    Then  stress  4-7  =  —  103.6  tons. 

Live  Load  Stresses, — ^The  maximum  live  load  stress  in  4-7  will  occur  with  the  longer  segment 
loaded.    Taking  moments  about  A  as  for  dead  loads,  stress  4-7  X  477.0  -+-  iSi  X  575  —  stress 
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4-5  X  442.0  «  o.  Now  stress  4-5  =  +  24.8  tons,  and  Ri  =  66/14  X  35  =  165  tons.  Then 
■tre«  4-7  ■=  —  1757  tons. 

The  minimum  live  load  stress  in  4-7  will  occur  with  two  loads  to  the  left  of  the  panel.  Taking 
moments  about  the  point  A,  the  stress  4-7  X  477-0  +  -Ri  X  575  —  2P  X  612.5  =  o.  Now 
Ri  "  62.5  tons  and  2P  =  70  tons.    Then  stress  4-7  =  +  14.5  tons. 

The  stresses  in  the  members  in  the  first  and  second  panels  and  in  the  two  middle  panels  may 
be  calculated  by  coefficients.  Check  up  the  dead  load  chord  stresses  by  comparing  with  the 
the  stresses  obtained  by  graphic  resolution  in  Problem  6. 

{c)  Results. — ^The  auxiliary  members  carry  the  stresses  directly  toward  the  abutments  and 
there  is  no  ambiguity  of  loading  as  in  the  case  of  a  truss  subdivided  as  in  Problem  16.  However, 
the  method  of  subdividing  shown  in  Problem  16  is  used  in  preference  to  that  shown  in  this  problem. 
The  Petit  truss  is  quite  generally  used  for  long  span  pin-connected  highway  and  railway  bridges. 

Problem  22A.    Maximum  and  Minimum  Stresses  in  a  Petit  Truss  by  Algebraic  Moments. 
(a)  Problem. — Given  a  Petit  truss  with  the  same  span  and  loads  as  in  Problem  22,  the 
auxiliary  bracing  to  be  the  same  as  in  Problem  16.     Calculate  the  maximum  and  minimum 
;  due  to  dead  and  live  loads  by  algebraic  moments. 


Problem  23.    Live  Load  Stresses  in  a  Through  Pratt  Truss  for  Cooper's  £  60  Loading. 

(a)  Problem. — Given  a  Pratt  truss,  span  165'  o",  panel  length  23'  61",  depth  30'  o",  live 
load  Cooper's  £  60  loading.  Calculate  the  position  of  the  loads  and  the  maximum  and  minimum 
streisefl  due  to  the  prescribed  loading  by  algebraic  moments.    Scale  of  truss,  i"  »  25'  o". 

(6)  Mefliods.  Chord  Stresses. — Calculate  the  position  of  the  wheels  for  a  maximum  bending 
moment  at  the  different  joints  in  the  lower  chord.    The  criterion  for  maximum  bending  moment 
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at  any  joint  in  a  Pratt  truss  is,  "the  average  load  on  the  left  of  the  section  must  be  the  same 
as  the  average  load  on  the  entire  bridge."  Having  determined  the  wheel  that  is  at  the  joint  for 
a  maximum  moment,  calculate  the  maximum  bending  moment  as  shown.  Having  calculated 
the  maximum  bending  moments,  the  chord  stresses  are  found  by  dividing  the  bending  moment 
by  the  depth  of  the  truss.    The  moment  diagram  is  given  in  Table  II,  Chapter  IV. 

Wib  Stresses. — Calculate  the  position  of  the  wheels  for  maximum  shears  in  the  different 
panels.  The  criterion  for  maximum  shear  in  a  panel  is,  "the  load  on  the  panel  must  equal  the 
load  on  the  bridge  divided  by  the  number  of  panels."  The  criterion  for  maximum  bending 
moment  at  Li  is  the  same  as  the  criterion  for  maximum  shear  in  panel  LoLi,  Having  deter- 
mined the  position  of  the  wheels  for  maximum  shears  in  the  different  panels,  calculate  the  maxi- 
mum shears  as  shown.    The  stress  in  a  web  is  equal  to  the  shear  in  the  panel  multiplied  by  sec  $. 

Floorbeatn  Reaction. — ^The  stress  in  the  hip  vertical  UiLi  is  equal  to  the  maximum  floorbeam 
reaction.  The  floorbeam  reaction  is  equal  to  the  bending  moment  at  the  center  of  a  span  equal 
to  two  panel  lengths,  multiplied  by  2  divided  by  the  panel  length. 

(c)  Results. — ^When  the  maximum  stresses  occur  in  chords  UtUt,  UtUt'  and  L%Lt\  counter 
UtLt  is  in  action.  If  more  than  one  position  of  the  loading  will  satisfy  the  criterion  for  maximum 
bending  moment,  the  moments  for  each  loading  must  be  calculated. 

Problem  23A.  Live  Load  Stresses  in  a  Through  Pratt  Truss  for  Cooper's  E  60  Loading. 
(a)  Problem. — Given  a  Pratt  truss,  span  200'  o",  panel  length  25'  o",  depth  32'  o",  live  load 
Cooper's  E  60  loading.  Calculate  the  position  of  the  loads  and  the  maximum  and  minimum 
stresses  due  to  the  prescribed  loading  by  algebraic  moments.  Check  by  calculating  maximum 
and  minimum  stresses  for  equivalent  uniform  live  load  as  given  in  Fig.  3,  Chapter  XIX. 

Problem  24.    Live  Load  Stresses  in  a  Camel-back  Truss  for  Cooper's  E60  Loading. 

(a)  Problem. — Given  a  camel -back  truss,  span  200'  oj",  panel  length  28'  61",  depth  at  hip 
30'  o",  depth  at  second  panel  point  34'  o",  depth  at  center  36'  o".  Calculate  the  position  of  the 
loads  and  the  maximum  and  minimum  stresses  due  to  the  prescribed  loading  by  algebraic  moments. 

(b)  Mediods.  C^hord  Stresses. — Calculate  the  position  of  the  wheels  for  maximum  bending 
moment  at  the  different  joints  in  the  lower  chord.  The  criterion  for  the  maximum  bending 
moment  at  any  joint  in  a  camel  back  truss  is,  "the  average  load  on  the  left  of  the  section  must  be 
the  same  as  the  average  load  on  the  entire  bridge."  Having  determined  the  wheel  that  is  at  the 
joint  for  a  maximum  moment,  calculate  the  maximum  bending  moment  as  shown.  Having 
calculated  the  maximum  bending  moments,  the  upper  chord  stresses  ^re  found  by  dividing  the 
bending  moment  by  the  perpendicular  distance  from  the  joint  to  the  member.  The  lower  chord 
stresses  are  found  by  dividing  the  bending  moment  by  the  depth  of  the  truss.  The  moment 
diagram  is  given  in  Table  II,  Chapter  IV. 

Web  Stresses. — Calculate  the  position  of  the  wheels  for  maximum  shears  in  the  different 
panels.  The  criterion  for  maximum  shear  in  a  panel  of  a  truss  with  inclined  chords  is  formula 
(20)  Chapter  IV.  The  criterion  for  maximum  bending  moment  at  Li  is  the  same  as  the  criterion 
for  maximum  shear  in  panel  LoLi.  Having  determined  the  position  of  the  wheels  for  maximum 
shears  in  the  different  paneb,  calculate  the  shears  and  stresses  as  shown. 

(c)  Results. — ^When  the  maximum  stresses  occur  in  chords  UtUtt  UtUt  and  LiLi,  counter 
Ut'Lt  is  in  action.  If  more  than  one  position  of  the  loading  will  satisfy  the  criterion  for  maxi- 
mum bending  moment,  the  moments  for  each  loading  must  be  calculated. 

Problem  24A.    Live  Load  Stresses  in  a  Camel-back  Truss  for  Cooper's  E60  Loading. 
(a)  Problem* — Given  a  camel-back  truss,  span  200'  o",  panel  length  25'  o",  depth  at  hip 
30'  o",  depth  at  second  panel  34'  o",  depth  at  third  and  center  panel  36'  o".     Calculate  the 
position  of  the  loads  and  the  maximum  and  minimum  stresses  by  algebraic  moments. 
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Pkoblsm  25.    Stresses  in  the  Portal  of  a  Bridge  by  Algebraic  Moments  and  Graphic 

Resolution. 

(a)  Problem. — Given  the  portal  of  a  bridge  of  the  type  shown,  inclined  height  30'  o",  center 
to  center  width  15'  o",  load  R  »  2,000  lb.,  end-posts  pin-connected  at  the  base.  Calculate  the 
stresses  by  algebraic  moments  and  check  by  graphic  resolution.    Scales  as  shown. 

(6)  Methods.— Now  H  ^  H'  ^  1,000  lb.  V  =  -  V,  and  by  taking  moments  about  B, 
V  =  30  X  2,000/15  =  4,000  lb.  =  -  V\ 

Algebraic  Moments. — In  passing  sections,  care  should  be  used  to  avoid  cutting  the  end-posts 
for  the  reason  that  these  members  are  subject  to  bending  stresses  in  addition  to  the  direct  stresses. 
To  calculate  the  stress  in  member  3-y  take  the  center  of  moments  at  joint  (i)  and  pass  a  section 
cutting  members  4-6,  3-4  and  3-K,  and  cutting  the  portal  away  to  the  left  of  the  section.  Then 
assume  stress  3-K  as  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  3-y 
X  10  X  0.447  (sin  ^)  +  H  X  30'  =  o.  The  stress  in  3-F  =  —  6,710  lb.  The  remaining  stresses 
are  calculated  as  shown 

Graphic  Resoluiion. — Lay  off  a-A  =  A-b  «  H  «  1,000  lb.,  and  A-Y  ^  V  =  4,000  lb. 
Then  beginning  at  point  B  in  the  portal  the  force  polygon  for  equilibrium  is  a-A-Y-i^-a,  in  which 
I '-a  is  the  stress  in  the  auxiliary  member  i-a,  and  F-i'  is  the  stress  in  the  post  i-K  when  the 
auxiliary  member  is  acting.  The  true  stress  in  i-Y  is  equal  to  the  algebraic  sum  of  the  vertical 
components  of  the  stress  I'-o  and  F-i',  and  equals  V  —  —  4,000  lb.  Next  complete  the  force 
triangle  at  the  intersection  of  the  auxiliary  members.  Stress  I'-a  is  known  and  the  force  polygon 
is  a-i'-2'-iJ,  the  forces  acting  as  shown.  The  stress  diagram  is  carried  through  in  the  order  shown, 
checking  up  at  the  point  A.  The  correct  stresses  are  shown  by  the  full  lines  in  the  stress  diagram. 
The  true  stress  in  3-2  will  produce  equilibrium  for  vertical  stresses  at  joint  (i)  as  shown.  The 
maximum  shear  in  the  posts  is  H  »  1,000  lb.  The  maximum  bending  moment  in  the  posts  will 
occur  at  the  foot  of  the  member  3-F,  joint  (3),  and  is  Af  =  1,000  X  20  X  12  =  240,000  in. -lb. 

(c)  Results. — ^The  method  of  graphic  resolution  requires  less  work  and  is  more  simple  than 
the  method  of  algebraic  moments. 

Note:  The  portal  is  not  pin-connected  at  joints  (3)  and  the  corresponding  joint  on  the 
opposite  side,  as  might  be  inferred  from  the  figure. 

Problem  25A.    Stresses  in  the  Portal  of  a  Bridge  by  Algebraic  Moiients  and  Graphic 

Resolution. 

(a)  Problem. — Given  the  portal  shown  in  Problem  25,  except  that  the  posts  are  fixed  at 
their  bases.  Calculate  the  stresses  by  algebraic  moments  and  check  by  graphic  resolution.  As- 
sume the  point  of  contraflexure  as  half  way  between  the  base  of  the  post  and  the  foot  of  the  knee 
brace.    Scales  as  in  Problem  25. 

Problem  26.    Wind  Load  Stresses  in  a  Trestle  Bent. 

(a)  Problem. — Given  a  trestle  bent,  height  45'  o",  width  at  the  base  30'  o",  width  at  the  top 
9'  o",  wind  loads  Po,  Pu  Pt,  Pi*  P*,  as  shown.  Calculate  the  stresses  in  the  members  of  the  bent 
due  to  wind  loads  by  algebraic  moments,  and  check  by  calculating  the  stresses  by  graphic  resolu- 
tion. Assume  that  the  diagonal  members  are  tension  members,  and  that  the  dotted  members 
are  not  acting  for  the  wind  blowing  as  shown.  Scale  of  truss,  i"  =  10'  o".  Scale  of  loads, 
I"  =  2,000  lb. 

(&)  Methods.  Algebraic  Moments. — ^To  calculate  the  stresses  in  the  diagonal  members  take 
centers  of  moments  about  the  point  A,  the  point  of  intersection  of  the  inclined  posts.  Then  to 
cakulate  the  stress  in  3-4,  pass  a  section  cutting  members  3-Ar,  3-4  and  4-K;  assume  that  the 
stress  in  3-4  is  an  external  force  acting  from  the  outside  toward  the  cut  section,  and  3-4  X  15.9' 
+  3»ax)  X  19.3'  +  3.000  X  11.3'  =  o.  The  stress  3-4  =  -  5,800  lb.  Stresses  in  4-5,  5-6, 
6-7,  7-^  and  8-Z  are  calculated  in  a  similar  manner.     To  obtain  reaction  Ri  take  moments  about 
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Rt,  and  Ri  X  30'  -  2,000  X  15'  —  2,000  X  30'  -  3.ooo  X  45'  -  3fOOO  X  53'  =  o.  Then  Ri  - 
12,800  lb.  -  -  Ri. 

To  calculate  the  stress  in  4-K,  take  center  of  moments  at  joint  Pt,  and  pass  a  section  cutting 
members  5-X,  4-5  and  4-F,  and  assume  the  stress  in  4-F  as  an  external  force  acting  from  the 
outside  toward  the  cut  section.  Then  4-F  X  15.6'  —  3,000  X  15'  —  3,000  X  23'  «  o.  Then 
4-F  =  +  7.300  lb. 

Graphic  Resolution. — ^The  load  Po  is  assumed  as  transferred  to  the  bent  by  means  of  the 
auxiliary  members.  The  loads  Po,  Pu  Pit  Pi%  Pa  are  laid  off  as  shown,  and  with  the  load  Pi 
the  stress  triangle  Y-X^2  is  drawn.    The  remainder  of  the  solution  is  easily  followed. 

(c)  Results. — ^The  stress  in  the  auxiliary  member  2- F  acts  as  a  load  at  the  top  of  post  4-F. 
Load  Po  is  the  wind  load  on  the  train  and  is  transferred  to  the  rails  by  the  car.  For  the  reason 
that  the  wind  may  blow  from  the  opposite  direction,  both  sets  of  stresses  must  be  considered  in 
combination  with  the  dead  and  live  load  stresses  in  designing  the  colunms. 
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Pkoblbm  26a.  Wind  Load  Stresses  in  a  Trestle  Bent. 
(a)  PtoUem.— Given  a  trestle  bent,  height  54'  o",  panels  18'  o",  width  at  the  base  30'  o", 
width  at  the  top  8'  o",  wind  loads  Po,  Pi,  Pi,  Pt,  P4  as  shown  in  Problem  26.  Calculate  the  stresses 
in  the  members  of  the  bent  due  to  wind  loads  by  algebraic  moments,  and  check  by  calculating  the 
stresses  by  graphic  resolution.  Assume  that  the  diagonal  members  are  tension  members,  and 
that  the  dotted  members  are  not  acting  for  the  wind  blowing  as  shown.  Scale  of  truss,  i"  >  10' 
o".    Scale  of  loads,  i"  -  2,000  lb. 


Problem  27.    Wind  Load  Stresses  in  a  Transverse  Bent  by  Graphic  Resolution. 
(a)  Problem.— Given  a  transverse  bent,  span  40'  o",  pitch  of  roof  i,  height  of  posts  20'  o", 
posts  pin-connected  at  the  base,  wind  load  20  lb.  per  square  foot  of  vertical  projection.     Calculate 
the  wind  load  stresses  in  the  bent  by  graphic  resolution.     Scale  of  bent,  i"  =  10'  o".    Scale  of 
loads,  i"  =  3,000  lb. 

(ft)  Methods.— Now  H  =  JSP  =  4,500  lb.  =  H\  To  calculate  V  take  moments  about 
the  foot  of  the  right-hand  post,  and  7  X  40'  -  3i00O  X  I3i'  -  i,750  X  20'  -  1,500  X  25' 
-  750  X  30'  =  o.    Then  V  =  -f  3,375  lb.  =  -  V'. 

To  construct  the  stress  diagram  lay  off  the  load  line  Pi  +  Pt  +  Pt  +  Pi  +  Pt,  and  i-F 
■  ^  "  3i375  lb-  Beginning  at  the  foot  of  the  windward  post,  V  acts  downward,  H  =  X-i 
acts  to  the  left,  Pj  acts  to  the  right.  The  polygon  is  closed  by  drawing  lines  parallel  to  i-X  and 
.  i-K,  the  final  stress  polygon  being  Y-i-X-X-i\  Then  pass  to  the  load  P4  in  the  transverse 
bent,  and  in  the  stress  diagram  Pt  acts  to  the  right,  i-X  acts  upwards  to  the  left,  1-2  acts  to  the 
right,  and  2-X  acts  downwards  to  the  left,  closing  the  polygon.  The  remainder  of  the  stress 
diagram  is  drawn  in  a  similar  manner,  passing  to  the  foot  of  the  knee  brace,  then  to  the  top  of  the 
post,  etc.,  finally  checking  up  at  the  foot  of  the  leeward  post.  The  maximum  shear  is  in  the  lee- 
ward post,  below  the  knee  brace  the  shear  is  H  =  4,500  lb.,  above  the  knee  brace  the  shear  is  the 
horizontal  component  of  the  stress  in  lo-X  =  10 -J^  =  9,000  lb.  The  maximum  bending  moment 
in  the  post  is  at  the  foot  of  the  leeward  knee  brace  and  la  M  —  4,500  X  13J  =  60,000  ft.-lb. 
For  further  explanation  see  the  author's  "The  Design  of  Steel  Mill  Buildings." 

(c)  Results. — ^The  stresses  in  the  members  do  not  follow  the  usual  rules  for  trusses  loaded 
with  vertical  loads;  the  top  chord  is  partly  in  tension  and  partly  in  compression,  while  the  bottom 
chord  is  in  compression.  The  bent  should  be  designed  for  the  wind  load  stresses  combined  with 
the  dead  load  and  the  minimum  snow  load  stresses,  for  the  snow  load  and  the  dead  load  stresses, 
or  for  the  wind  load  and  the  dead  load  stresses,  whichever  combination  produces  maximum 
stresses  or  reversab  of  stresses. 

The  stresses  in  the  posts  are  calculated  by  dropping  the  points  i,  2,  10  and  11  to  the  points 
i',  2',  10  and  11',  respectively,  on  the  load  line,  or  on  load  line  produced.  The  stresses  in  the 
windward  post  are  I'-K  and  2-3,  while  the  stresses  in  the  leeward  post  are  ii'-F  and  9-10'. 
The  maximum  shear  in  the  leeward  post  is  above  the  knee  brace  and  is  10 -J^  »  9,000  lb. 


Problem  27A.  Wind  Load  Stresses  in  a  Transverse  Bent  by  Graphic  Resolution. 
(a)  Problem.— Given  a  transverse  bent,  span  40'  o",  pitch  of  roof  J,  height  of  posts  20'  o", 
posts  pin-connected  at  the  base,  wind  load  20  lb.  per  square  foot  normal  to  the  sides  and  the 
normal  component  of  a  horizontal  wind  load  of  30  lb.  per  square  foot  on  the  roof.  (The  normal 
load  on  the  roof  for  a  horizontal  wind  load  of  30  lb.,  is  22}  lb.  per  sq.  ft.,  see  "Steel  Mill  Build- 
ings.") Calculate  the  wind  load  stresses  in  the  transverse  bent  by  graphic  resolution.  Scale 
of  bent,  i"  -  10'  o".    Scale  of  loads,  i"  =  3,000  lb. 
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PART   11. 
DESIGN  OF  STEEL  AND  TIMBER  BRIDGES. 


CHAPTER  VIIL 
Types  of  Bridges. 

IntrodiictioiL — ^A  truss  is  a  framework  composed  of  individual  members  so  fastened  together 
that  loads  applied  at  the  joints  produce  only  direct  tension  or  compression.  The  triangle  is  the 
only  geometrical  figure  in  which  the  form  is  changed  only  by  changing  the  lengths  of  the  sides. 
In  its  simplest  form  every  truss  is  a  triangle  or  a  combination  of  triangles.  The  members  of  the 
truss  are  either  fastened  together  with  pins,  pin-connected,  or  with  plates  and  rivets,  riveted. 


Borfal — 1  . 


Fig.  I.    DiAGRAMicATic  Sketch  op  a  Through  Pratt  Truss  Highway  Bridge. 

The  bridge  in  Fig.  i  consists  of  two  vertical  trusses  which  carry  the  floor  and  the  load;  two 
horiaaontal  trusses  in  the  planes  of  the  top  and  bottom  chords,  respectively,  which  carry  the 
horizoatal  wind  load  along  the  bridge;  and  cross-bracing  in  the  plane  of  the  end-posts,  called 
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portals,  and  in  the  plane  of  the  intermediate  posts,  called  sway  bracing.  The  floor  is  carried  on 
joists  placed  parallel  to  the  length  of  the  bridge,  and  which  are  supported  in  turn  by  the  floor  beams. 
The  names  of  the  different  parts  of  the  bridge  are  shown  in  Fig.  i.  The  main  ties,  hip  verticals, 
counters  and  intermediate  posts  are  together  called  webs.  The  bridge  shown  in  Fig.  i  is  a  through 
pin-connected  bridge  of  the  Pratt  type,  the  traffic  passing  through  the  bridge.    The  bridge  shown 


Q(jarhr  lop  Phn 


Qifarfer  do  f  torn  Pton 


-Ffoorbeam 
Cross  Sec  f  ion 
Fig.  2.    Plan  of  a  Low  or  "Pony"  Truss  Highway  Bridge. 


in  Fig.  I  has  square  abutments;  the  abutments  are  not  at  right  angles  to  the  center  line  of  the 
bridge  in  a  "skew"  bridge.  Short  span  highway  and  railway  bridges  have  low  trusses  and  no 
top  lateral  system  nor  portals.  In  a  railway  bridge  the  track  and  ties  are  supported  on  stringers, 
which  replace  the  joists  in  Fig.  i. 


Fig.  3.    A  Warren  Low  Truss  Highway  Bridge. 


A  low  truss  highway  bridge  of  the  Warren  type  is  shown  in  Fig.  2,  and  a  view  of  a  similar 
bridge  is  shown  in  Fig.  3.  The  trusses  are  built  up  of  angles  riveted  together  by  means  of  connec- 
tion plates.  Bridges  of  this  type  are  built  with  spans  of  from  30  to  75  feet.  Low  truss  bridges 
are  also  made  with  pin-connected  joints.  A  pin-connected  low  Pratt  truss  bridge  is  shown  in 
Fig.  4- 
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Fig.  4.    A  Pratt  Low  Truss  Highway  Bridge:  Seven  ioo-ft.  Spans. 

The  loads  are  sometimes  carried  on  the  top  chord  as  in  Fig.  5,  which  is  a  highway  bridge 
built  for  the  U.  S.  Government  in  the  Yellowstone  Park.  In  this  truss  the  end-posts,  top  chords 
and  intermediate  posts  are  composed  of  2  channels  laced;  while  the  lower  chords,  hip  verticals. 


-^ 


-^ — ^ 

-liAnchorDolt}     raundatton  f^an.    li'AnehorMts-^   «^ 

'z:z ^^Lj^ 


iTPfi 


^tMi 


FtoorPlan, 
Fig.  5.    Deck  Pratt  Pin-connected  Highway  Bridge. 

main  ties  and  counters  are  composed  of  eye-bars.  The  floorbeams  are  I  beams  15  inches  deep 
weighing  50  lb.  per  lineal  foot  (15"  I  @  50  lb.),  while  the  joists  are  7"  Is  and  7"  [s.  A  deck 
highway  bridge  is  shown  in  Fig.  6. 

T]rpes  of  Trusses  and  Bridges. — ^The  simplest  type  of  bridge  is  the  beam  bridge,  (a)  Fig.  7. 
Beam  bridges  commonly  consist  of  I  beams  which  span  the  opening,  and  are  placed  near  enough 
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Fig.  6.    Deck  Highway  Bridge. 
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(a)  beam  Bridqs.  fcf)  Low  Warren  Truss. 
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(b)Beam  L  egBnofqe.      (e)  LowRvrff  Truss.  Half  Hip. 
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(c)  Truss  Leg  Bncf^e.  (f)  Low Praft  Truss.Full Slope. 

Fig.  7.    Types  of  Short  Span  Highway  Bridges. 
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together  to  cany  the  floor  of  the  bridge.  Where  foundations  are  relatively  expensive  the  beams 
may  be  carried  on  posts  as  in  (b)  Fig.  7.  A  truss  leg  bridge  is  shown  in  (c)  Fig.  7.  Types  (b) 
and  (c)  unless  constructed  with  great  care  make  inferior  structures  and  are  not  to  be  recommended. 
A  Warren  truss  is  a  combination  of  isosceles  triangles  as  shown  in  (d)  Fig.  7  and  in  (c)  Fig.  8. 
The  Pratt  truss  has  its  vertical  web  members  in  compression  while  its  diagoi^l  web  members  are 
in  tension,  as  shown  in  (e)  and  (/)  Fig.  7  and  in  (b)  Fig.  8.  The  Warren  truss  is  commonly 
built  with  riveted  joints  while  the  Pratt  truss  is  usually  built  with  pin-connected  joints.  The 
Warren  low  truss  with  riveted  joints  as  shown  in  (d)  is  generally  preferred  in  place  of  the  low 


(a)  THfiouGH  Horn  Tpuss 


(b)  THkOf^f  Pratt  Truss 


(c)  Through  Warren  Tkuss 


(d)  Quadrangular  Through  Warren  Truss 


^  Through  W^uprle  Tkuss 


ff)  Camel  Back  Truss 


I  Through  Baltimore  Truss 


(h)K'TRUSS 


W  Through  Petit  Tkuss  (j)K-Truss 

Fig.  8.    Types  of  High  Truss  Bridges. 

Pratt  truss  in  either  («)  or  (/ )  Fig.  7.  The  Howe  truss  has  its  vertical  web  members  in  tension, 
and  its  inclined  web  members  in  compression  as  shown  in  (a)  Fig.  8.  The  upper  and  lower  chords 
and  the  inclined  members  of  a  Howe  truss  are  commonly  made  of  timber,  while  the  vertical  tension 
members  are  iron  or  steel  rods. 

The  Whipple  truss,  («),  Fig.  8,  is  a  double  intersection  Pratt  truss.  This  truss  was  designed 
to  gUve  short  panels  in  long  spans  which  have  a  considerable  depth.  The  stresses  in  the  Whipple 
truss  are  indeterminate  for  moving  loads,  and  its  use  has  been  practically  abandoned,  the  Baltimore 
trusSy  (;),  Fig.  8,  being  used  in  its  place.  The  quadrangular  Warren  truss,  (d),  Fig.  8.,  and  Fig. 
10,  with  riveted  joints,  is  used  as  a  standard  truss  for  through  highway  bridges,  with  spans  of 
from  80  to  170  feet,  by  the  American  Bridge  Company.  Like  the  Whipple  truss  its  stresses  are 
indeterminate  for  moving  loads. 

For  spans  of  from,  say,  170  to  240  feet  it  is  quite  common  to  use  pin-connected  trusses  of  the 
Pratt  type  having  inclined  chords  as  in  (/ ),  Fig.  8,  and  Fig.  11. 

The  Baltimore  truss,  (^),  Fig.  8,  is  a  Pratt  truss  with  parallel  chords  in  which  the  main  panels 
have  been  subdivided  by  an  auxiliary  framework.     The  auxiliary  framework  may  have  struts 
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as  in  (g)f  or  ties  as  in  (t),  Fig.  8.  The  Baltimore  truss  with  inclined  upper  chords,  (Ot  Fig.  8, 
is  called  a  Petit  truss.  The  stresses  in  Baltimore  and  Petit  trusses  are  statically  determinate 
for  all  conditions  of  loading.  These  trusses  are  economical  in  construction  and  satisfactory  in 
service,  and  have  entirely  replaced  the  Whipple  truss  for  long  span  bridges. 


Fig.  9.    Through  Riveted  Pratt  Truss,  hi'  6"  Span,  Over  Illinois  and  Mississippi  Canal. 


Fig.  10.    Through  Riveted  Quadrangular  Warren  Truss,  Built  by  Boston  Bridge 

Works. 

The  K-truss  shown  in  (A)  and  0)»  ^^K-  8,  is  more  economical  than  the  Petit  truss,  and  in 
addition  has  smaller  secondary  stresses,  and  is  rapidly  coming  into  general  use. 

The  types  of  simple  bridge  trusses  described  above  are  those  that  are  in  the  most  common 
use,  although  quite  a  number  of  other  types  of  trusses  have  been  used  and  abandoned. 
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Fig.  12.    Plate  Girder  Highway  Bridge,  Built  by  American  Bridge  Company. 


Fig.  13.    Swing  Bridge,  Center  Bearing 


Fig.  14.    Swing  Bridge,  Turntable  Bearing. 

lC/VS3  Sirder'       To^erSpan        Intermediaft  3pan      7ci¥9r3pan        Cross  Sff^ry 

^  '    I    ■'■■   J    ■''■■■'■'   I'    ■  T  ~ 


Tcmr  Toi^r 

(b)  ^C) 

Fig.  15.    Railway  Steel  Trestle. 
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BEAMS  AND  PLATE  GIRDSRS.— For  spans  of,  say,  30  feet  and  under  rolled  beams 
are  often  used  to  carry  the  roadway,  while  for  spans  from  about  30  to  100  feet  plate  girders  are 
used.  When  the  roadway  is  carried  on  top  of  the  girders,  the  bridge  is  called  a  deck  plate  girder 
bridge,  and  when  the  roadway  passes  between  the  girders,  the  bridge  is  called  a  through  plate 
girder  bridge  as  in  Fig.  12. 


Fig.  16.    Clariton-Clifton  Two-hingbd  Arch  Highway  Bridge  Ovbr  Niagara  River. 

SWnTG  BRIDGES. — ^Swing  bridges  may  be  made  of  plate  girders  or  trusses,  and  may  turn 
on  a  center  pivot  as  in  Fig.  13,  or  on  a  turntable  supported  on  a  drum  as  in  Fig.  14.  The  center 
pivot  swing  bridge  has  two  spans  continuous  over  the  pivot  support,  while  the  turntable  swing 


Fig.  17.    Cantilever  Highway  Bridge. 


bridge  has  three  spans  ordinarily  continuous  over  the  two  turntable  supports.    When  the  swing 
bridge  is  open  each  arm  acts  as  a  simple  cantilever  span. 

STEEL  TRESTLES. — ^Steel  trestles  are  used  for  carrying  the  roadway  at  a  considerable 
distance  above  the  ground.  Fig.  15.    The  tower  and  intermediate  spans  are  commonly  built  of 
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plate  girders,  whether  the  trestle  carries  a  railroad  or  a  highway  roadway.  The  tower  oonaists 
of  two  trestle  bents  as  in  (a)  or  {d),  braced  together  by  longitudinal  bracing  as  in  (b)  or  (c)  Fig.  15. 
Bracing  as  in  (a)  and  (6)  is  used  with  either  adjustable  or  rigid  diagonal  members,  while  bracing 
(c)  and  (d)  is  used  only  for  rigid  members. 

STSEL  ARCHES.— Steel  arch  bridges  are  made  (i)  with  three  hinges,  (2)  with  two  hinges, 
and  (3)  without  hinges,  and  may  have  solid  webs,  or  spandrel  or  open  webs.  A  two-hinged  high- 
way arch  is  shown  in  Fig.  16. 


Fig.  18.    Suspension  Highway  Bridge  Over  Niagara  River  at  Quebnston,  Ontario. 

CANTILEVER  BRIDGES. — ^A  cantilever  bridge  consists  of  two  anchor  spans,  which  support 
a  suspended  or  channel  span.  The  shore  ends  of  the  anchor  spans  are  anchored  to  the  shore  pier 
and  are  supported  on  the  river  pier.    A  cantilever  highway  bridge  is  shown  in  Fig.  17. 

SUSPENSION  BRIDGES. — In  a  suspension  bridge  the  roadway  is  supported  by  hangers 
attached  to  the  main  cables.  Stiffening  trusses  are  placed  above  the  plane  of  the  roadway  to 
assist  in  distributing  the  live  loads  and  for  the  purpose  of  increasing  the  rigidity  of  the  structure. 
The  suspension  highway  bridge  over  the  Niagara  River  at  Queenston,  Ont.,  is  shown  in  Fig.  18. 

Simple  truss  bridges,  beam  and  plate  girder  bridges,  only,  will  be  considered  in  this  book. 
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CHAPTER  IX. 
Data  for  the  Design  of  Steel  Highway  Bridges. 

TYPES  OF  STRUCTURE.— The  types  of  structure  for  steel  highway  bridges  as  recommended 
by  the  author  are  given  in  section  3,  "General  Specifications  for  Steel  Highway  Bridges,"  printed 
in  Appendix  I. 
The  following  data  will  show  present  standard  practice. 

Dlinois  BS^way  Commission. — ^The  types  of  highway  bridge  recommended  by  the  commis- 
sion are  as  follows: 

Concrete  Bridges. — For  culverts  requiring  a  waterway  of  12  square  feet  or  less,  plain  or  rein- 
forced concrete  arch  culverts  or  square  culverts,  reinforced  concrete  pipes  or  double  strength  cast- 
iron  pipe. 

For  culverts  having  an  area  of  more  than  12  square  feet,  and  for  bridges  having  a  span  up  to 
50  ft.,  reinforced  concrete  slabs,  plain  or  reinforced  concrete  arches. 

For  spans  of  30  ft.  to  65  ft.,  reinforced  concrete  through  or  deck  girders,  plain  or  reinforced 
concrete  arches. 

For  spans  greater  than  65  ft.,  plain  or  reinforced  concrete  arches. 

Sted  Bridges, — For  spans  of  12  ft.  to  45  ft.,  steel  I-beams;  for  spans  of  30  ft.  to  100  ft.,  plate 
girdeiB  or  riveted  pony  trusses;  for  spans  of  90  ft.  to  160  ft.,  riveted  trusses  with  parallel  chords; 
for  spans  of  i  So  ft.  and  more,  riveted  or  pin-connected  trusses  with  parallel  or  inclined  upper  chords. 

Iowa  Highway  Commission. — The  types  of  highway  bridges  recommended  by  the  commission 
arc  as  follows: 

Concrete  Bridges. — Box  culverts  for  spans  up  to  16  ft.;  slab  bridges  for  spans  from  14  ft.  to 
25  ft.;  arch  culverts  and  bridges  for  spans  of  6  ft.  and  over;  girder  bridges  for  spans  of  from  24  ft. 
to  40  ft. 

Sted  Bridges. — Steel  I-beams  up  to  32  ft.  span;  plate  girders,  20  ft.  to  80  ft.  span;  low  truss 
30  ft.  to  100  ft.  span;  high  truss  100  ft.  span  and  over,  riveted  up  to  140  ft.  span. 

Manaafthnsetts  Public  Service  Commission. — ^The  types  of  highway  bridge  recommended  by 
the  commission  are  as  follows: 

Steel  Bridges. — For  spans  up  to  20  ft.,  wooden  stringers  or  rolled  beams;  for  spans  from  20  ft. 
to  40  ft.,  rolled  beams  or  plate  girders;  for  spans  from  40  ft.  to  70  ft.,  plate  girders;  for  spans  from 
70  ft.  to  100  ft.,  plate  girders  or  riveted  trusses;  for  spans  from  100  ft.  to  125  ft.,  riveted  trusses; 
for  spans  from  125  ft.  up,  riveted  or  pin  trusses. 

WiBConBin  Highway  Commission. — ^The  types  of  highway  bridge  recommended  by  the  com- 
munon  are  as  follows: 

Concrete  Bridges. — ^Spans  of  i4  ft.  to  10  ft.,  slab  culverts  and  bridges;  spans  10  ft.  to  18  ft., 
Blab  bridges;  spans  10  ft.  to  40  ft.,  through  girders. 

Steel  Bridges. — ^Spans'  10  ft.  to  38  ft.,  rolled  beams;  spans  35  ft.  to  80  ft.,  Warren  riveted  low 
tnnaes  or  plate  girders;  spajis  80  ft.  to  135  ft.,  Pratt  riveted  high  trusses;  spans  over  135  ft., 
riveted  high  trusses  with  curved  chords. 

WIDTH  OP  ROADWAY.— The  following  data  will  show  standard  practice. 

IDinoia  EB^^way  Commission. — ^The  widths  of  roadways  are  specified  for  State  Aid  Routes, 
Priodpally  Traveled  Roads,  and  Secondary  Roads. 
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On  Designated  State  Aid  Routes, — Bridges  up  to  and  including  lo  ft.  span,  20  to  30  ft.  roadway; 
bridges  over  10  ft.  up  to  and  including  60  ft.  span,  18  to  24  ft.  roadway;  bridges  over  60  ft.  span,     ' 
16  to  20  ft.  roadway. 

On  Principally  Traveled  Roads. — Bridges  and  culverts  10  ft.  or  less  in  span,  20  to  30  ft.  road- 
way; bridges  over  10  ft.  and  up  to  and  including  60  ft.  span,  16  to  20  ft.  roadway  bridges  over  60     | 
ft.  span,  16  to  18  ft.  roadway.  | 

On  Secondary  Roads, — Bridges  and  culverts  10  ft.  or  less  in  span,  18  to  24  ft.  roadway;  bridges 
over  10  ft.  span,  16  ft.  roadway.  I 

Culverts  Under  Fills, — ^The  barrel  of  the  culvert  shall  have  a  .ength  that  will  permit  of  side 
slopes  of  li  horizontal  to  i  vertical,  and  a  top  width  of  20  to  30  ft.  on  State  Aid  Routes,  20  to 
30  ft.  on  Principally  Traveled  Roads,  and  lS  to  24  ft.  on  Secondary  Roads. 

Iowa  ffighway  Commission. — ^The  widths  of  roadway  for  highway  bridges  as  recommended 
by  the  commission  are  as  follows: 

Concrete  Bridges. — ^For  box  or  arch  culverts  with  spans  of  2  ft.  to  16  ft.,  24  ft.  roadway  for 
county  roads,  and  20  ft.  for  township  roads;  for  slab  bridges  with  spans  over  16  ft.  span,  20  ft. 
roadway  for  county  roads,  and  18  ft.  for  township  roads;  for  girder  bridges  over  16  ft.  span,  20  ft. 
roadway;  for  arches  over  16  ft.  span,  24  ft.  roadway  for  county  roads,  and  20  ft.  for  township  roads. 
The  slo^  on  fills  shall  be  i}  horizontal  to  i  vertical. 

Steel  Bridges. — ^A  roadway  of  20  ft.  on  county  roads,  for  all  spans,  and  18  ft.  on  township  roads 
for  all  spans.    The  minimum  legal  width  of  roadway  is  16  ft. 

Association  of  State  Highway  Departments. — ^The  following  minimum  widths  of  concrete 
bridges  are  recommended. 

For  First  Class  Roads. — Culverts  under  12  ft.  span,  24  ft.  roadway;  slab  bridges  over  12  ft. 
span,  20  ft.  roadway;  all  other  spans  20  ft.  roadway. 

For  Second  Class  Roads. — Culverts  under  12  ft.  span,  20  ft.  roadway;  slab  bridges  over  12  ft. 
span,  18  ft.  roadway;  all  other  spans,  18  ft.  roadway. 

For  Third  Class  Roads. — Culverts  under  12  ft.  span,  20  ft.  roadway;  slab  bridges  over  12  ft. 
span,  18  ft.  roadway;  longer  bridges,  16  ft.  roadway. 

The  above  widths  of  concrete  bridges  have  been  adopted  by  the  Wisconsin  Highway  Com- 
mission. 

LOADS. — The  loads  carried  by  a  bridge  consist  of  (i)  fixed  or  dead  loads,  (2)  the  moving  or 
live  load,  and  (3)  miscellaneous  loads. 

The  dead  load  consists  of  the  weight  of  the  structure  and  is  always  carried  by  the  bridge;  the 
live  load  consists  of  the  moving  load  which  the  bridge  is  built  to  carry,  while  the  miscellaneous 
loads  include  wind  loads,  snow  loads,  etc.  Data  on  dead  loads  are  given  in  the  "Specifications  for 
Steel  Highway  Bridges"  in  Appendix  I. 

WEIGHTS  OF  BRIDGES.— The  weight  of  a  bridge  is  composed  of  (i)  the  weight  of  the  steel 
in  the  steel  framework,  consisting  of  the  .vertical  trusses,  the  upper  and  lower  lateral  systems,  the 
floorbeams,  the  portals  and  sway  bracing;  (2)  the  weight  of  the  joists  and  the  fence;  and  (3)  the 
weight  of  the  floor  covering. 

WEIGHTS  OF  STEEL  HIGHWA7  BRIDGES.— The  following  data  may  be  used  in  calcu- 
lating the  dead  loads  in  the  design  of  highway  bridges  or  as  a  basis  for  preliminary  estimates. 

AMERICAN  BRIDGE  COMPANT.— Standard  Steel  mg^way  Bridges  with  Timber  Floor. 

Timber  floor,  3-in.  plank  on  roadway  and  2-in.  plank  on  footwalks.  Live  loads  for  floor  and  its 
supports,  100  lb.  per  sq.  ft.  of  floor  surface,  or  6  tons  on  two  axles  10  It.  centers  and  5  ft.  gage,  or  a 
15-ton  road  roller.  For  trusses  100  lb.  per  sq.  ft.  of  roadway  up  to  a  span  of  75  ft.,  75  lb.  per  sq.  ft. 
of  roadway  for  spans  of  168  ft.  and  over,  and  proportional  for  intermediate  spans.  No  allowance 
is  made  for  impact.  Designed  for  allowable  stresses  given  in  specifications  in  Appendix  I.  Let 
W  ^  weight  of  the  structural  steel  per  lineal  foot  of  span;  L  »  length  of  span  in  feet,  b  »  width 
of  roadway  in  feet  (without  sidewalks). 
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1.  Steel  Through  Plate  Girders.— Through  i^te  girder  spans  36  ft.  to  70  ft.,  roadway  20  ft. 
wide,  without  sidewalks,  but  including  stringers.  The  weight  of  structural  steel  per  lineal  foot 
of  span  is 

W^soo-h  3.8L.      •  (i) 

For  sidewalks  with  steel  joists  add  about  12  lb.  per'sq.  ft.  of  sidewalks. 

2.  Steel  Low  Riveted  Truss  Spans,  with  Timber  Floor.—For  low  truss  spans  36  ft.  to  102  ft., 
with  timber  floors,  the  weight  of  structural  steel  per  lineal  foot  of  span,  not  including  the  weight 
of  the  stringers  and  the  railing,  is  given  approximately  by  the  formula  for  a  i6-ft.  roadway 

IF  =  100  +  2.0L.  (2) 

and  for  a  20-ft.  roadway 

IT  =  150  H-  1.7L.  (3) 

3.  Steel  Low  Riveted  Truss  Spans,  with  Reinforced  Concrete  Floors. — ^For  low  truss  spans 
36  ft.  to  102  ft.,  with  reinforced  concrete  floors,  5  in.  thick  with  6  in.  of  gravel  at  center  and  3  in. 
of  gravel  at  curb,  the  weight  of  structural  steel  per  lineal  foot  of  span,  not  including  the  weight  df 
the  stringers  and  the  railing,  is  given  approximately  by  the  formula  for  a  i6-ft.  roadway 

^  -  150  +  3.5i^.  (4) 

and  for  a  20-ft.  roadway 

I^  -  185  +  3.5^.  (5) 

4.  Steel  Bifjti  Truss  Spans,  with  Timber  Floor.~For  high  truss  spans  104  to  204  ft.,  with 
timber  floors,  the  weight  of  structural  steel  per  lineal  foot  of  span,  not  including  the  weight  of  the 
stringers  and  the  railing,  is  given  approximately  by  the  formula  for  a  i6-ft.  roadway 

IT  =  250  H-  1.5L.  (6) 

and  for  a  20-ft.  roadway 

IT  =  285  +  1.2L.  (7) 

IOWA  HIGHWAY  COliMISSION.— ^teel  ffighway  Bridges  with  Reinforced  Concrete 
Floor. — ^Reinforced  concrete  floor  slabs  6  in.  thick  for  all  spans  in  which  stringers  are  used.  Slabs 
for  stringerless  floors  ji  in.  thick  for  8-ft.  span,  8  in.  thick  for  9-ft.  span,  and  8}  in.  thick  for  lo-ft. 
^3an.  Live  loads  for  the  floor  and  its  supports  a  uniform  live  load  of  100  lb.  per  sq.  ft.,  and  a  15-ton 
traction  engine  with  two-thirds  of  the  load  on  the  rear  axle;  axles  spaced  11  ft.  centers,  and  rear 
wheels  spaced  6  ft.  centers.  Rear  wheels  22  in.  wide.  The  trusses  are  to  be  designed  for  the 
uniform  loads  given  in  Table  II.     No  allowance  is  made  for  impact. 

Let  W  =  weight  of  structural  steel  in  lb.  per  lineal  foot  of  span;  L  —  length  of  span  in  feet; 
b  »  width  of  span  in  feet  (without  sidewalks). 

1.  Steel  Beam  Spans.— The  weight  of  steel  beam  spans  from  16  ft.  to  32  ft.  and  with  i6-ft., 
l8-ft.,  and  20-ft.  roadway  are  given  in  Table  I,  Chapter  XI. 

3.  Steel  Low  Truss  Spans,  with  Stringers. — For  low  truss  highway  bridges  with  spans  of 
35  ft.  to  85  ft.,  not  including  the  weight  of  the  fence  or  the  steel  stringers,  the  weight  of  structural 
steel  per  lineal  foot  of  span  for  a  i6-ft.  roadway  is 

W^  =  235  +  2.35I'.  (8) 

and  for  an  i8-ft.  roadway  is 

IF  =  240  -h  2.40L.  (9) 

3.  Steel  Low  Truss  Spans,  without  Stringers.— For  low  truss  highway  bridges  with  spans  of 
35  ft.  to  100  ft.,  not  including  the  weight  of  the  fence,  the  weight  of  the  structural  steel  per  lineal 
foot  of  span  for  a  i6-ft.  roadway  is 

TV'  =  200  -h  4X.  (10) 

and  for  an  i8-ft.  roadway  is 

IF  -  225 -f  4.25L.  (11) 
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4.  Steel  High  Truss  Spans,  with  Stringers. — ^For  high  through  truss  highway  bridges  with 
spans  of  from  90  ft.  to  150  ft.,  not  including  the  weight  of  fence  or  the  steel  stringers,  the  weight  of 
structural  steel  per  lineal  foot  of  span  for  a  i6-ft.  roadway  is 

IT  -  245  H-  2.45L.  ^  (12) 

and  for  an  i8-ft.  roadway  is 

IT  -  270  4-  2.7L.  (13) 

WISCONSIN  mOHWAT  COMMISSION.  Steel  hifi^way  bridges  with  reinforced  con- 
crete floor. — Reinforced  concrete  floor  slabs  6  in.  thick  for  all  spans.  Live  loads  for  the  floor  and 
its  supports  a  15-ton  road  roller  with  two-thirds  of  the  load  on  the  rear  axle,  axles  10  ft.  centers, 
rear  rolls  4  ft.  10  in.  centers,  rear  rolls  20  in.  wide.  The  trusses  designed  for  the  loads  given  in 
Table  II.  No  allowance  is  made  for  impact.  Let  W  =  weight  of  structural  steel  in  lb.  per  lineal 
foot  of  span,  L  »  length  of  span  in  feet;  b  —  width  of  roadway  in  feet  (without  sidewalks). 

z.  Steel  Beam  Spans. — ^Weight  of  steel  beam  spans  from  10  ft.  to  38  ft.  and  for  i6-ft.,  i8-ft. 
afld  20-ft.  roadway  are  given  in  Table  II,  Chapter  XI. 

3.  Steel  Through  Plate  Girders. — ^The  weight  of  the  structural  steel  in  through  plate  girder 
highway  bridges  from  35  ft.  span  to  80  ft.  span  including  floorbeams  spaced  3  to  2}  ft.  apart,  is 
given  approximately  by  the  following  formula.    For  a  i6-ft.  roadway 

W  ^300  +  3L.  (14) 

For  an  i8-ft.  roadway 

IT  =  300  -h  3.25L.  (15) 

and  for  a  20-ft.  roadway 

W^320  +  4L.  (16) 

3.  Steel  Low  Truss  Spans,  with  Stringers. — ^The  weight  of  the  structural  steel  in  low  truss 
steel  highway  bridges  with  spans  of  35  ft.  to  85  ft.  span,  not  including  the  weight  of  the  fence  or 
the  steel  stringers,  is  giv^n  approximately  by  the  formula.     For  a  i6-ft.  roadway 

W  ^So  +  3.5L.  (17) 

and  for  an  i8-ft.  roadway 

W  =  80  -h  4L.  (18) 

4.  Steel  High  Truss  Spans,  with  Stringers. — ^For  high  through  truss  steel  highway  bridges 
with  spans  of  from  90  ft.  to  150  ft.,  not  including  the  weight  of  the  fence  or  the  steel  stringers, 
the  weight  of  structural  steel  per  lineal  foot  of  span  is  given  approximately  by  the  formula. 
For  a  i6-ft.  roadway  » 

W  =  180  -h  2L.  (19) 

and  for  an  i8-ft.  roadway 

W  =  240  H-  2L.  (20) 

ILLINOIS  mOHWAT  COMMISSION.  Steel  highway  bridges  with  reinforced  concrete 
floor. — Reinforced  concrete  floor  slabs  4  in.  thick  with  a  wearing  surface  assumed  to  weigh  not 
less  than  50  lb.  per  sq.  ft.  Live  load  for  floor  and  its  supports  a  15-ton  traction  engine,  supported 
on  two  axles  spaced  10  ft.  apart,  with  two  thirds  of  the  load  on  the  rear  axle;  or  a  uniform  live  load 
of  125  lb.  per  sq.  ft.  The  trusses  designed  for  the  loads  given  in  Table  11.  No  allowance  is  made 
for  impact. 

Let  W  «  weight  of  steel  in  lb.  per  lineal  foot  of  span,  L  —  span  of  bridge  in  feet,  b  —  width 
of  roadway  in  feet  (without  sidewalks). 

z.  Steel  Low  Truss  Spans,  with  Stringers. — ^The  weight  of  the  structural  steel  in  low  truss 
steel  highway  bridges  with  spans  of  50  ft.  to  85  ft.,  not  including  weight  of  the  fence  or  the  steel 
stringers,  is  given  approximately  by  the  formula.     For  a  i6-ft.  roadway,  b  ^  16  ft. 

W  ^23S  +  2.35L.  (21) 
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and  for  an  i8-ft.  roadway,  h  ^  i8  ft. 

IT  -  240  H-  2.4L.  (22) 

3.  Steel  High  TtusB  Spans,  with  Stringers. — ^The  weight  of  structural  steel  in  high  truss  steel 
highway  bridge^  with  spans  of  90  ft.  to  160  ft.,  not  including  the  weight  of  fence  or  the  steel  string- 
ers, is  given  approximately  by  the  formula.    For  a  i6-ft.  span,  b  »  16  ft. 

W'i40  +  aL.  (23) 

and  for  an  i8-ft.  span,  &  »  18  ft. 

W  -  180  H-  4.5L.  (24) 

The  weights  given  by  formulas  (21)  to  (24)  are  for  bridges  with  concrete  floors  weighing 
100  lb.  per  sq.  ft.  Calculations  by  Mr.  Clifford  Older,  Bridge  Engineer,  Illinois  Highway  Com- 
mission, show  that  a  variation  of  the  weight  of  the  floor  of  10  lb.  per  sq.  ft.  makes  a  similar  variation 
in  the  weight  of  the  structural  steel,  including  the  joists,  of  4.35  per  cent  for  a  50-ft.  span,  of  3.75 
per  cent  for  a  i6o-ft.  span,  and  proportional  for  intermediate  spand.  For  the  structural  steel,  not 
including  the  joists,  an  average  value  of  4  per  cent  may  be  used  for  each  decrease  of  10  lb.  per  sq. 
ft.  of  floor  surface. 

BOSTON  BRmOE  WORKS  STANDARDS.*— The  weights  of  steel  highway  bridges 
designed  by  the  Boston  Bridge  Works  are  as  follows: 

Through  truss  highway  bridges  without  sidewalks  designed  for  a  live  load  of  80  lb.  per  sq.  ft. 
for  the  trusses,  leo  lb.  per  sq.  ft.  and  a  6-ton  wagon  for  the  floor.  The  weight,  w,  of  steel  in  lb. 
per  sq.  ft.  of  area  covered  by  the  floor,  not  including  joists  or  fence,  for  a  span  of  L  ft.,  is 

w  -  5  +  I'/9.5  (25) 

The  weight  of  through  truss  highway  bridges  with  two  sidewalks  is 

w  -  2.8 -l-L/ii.3  (26) 

The  sidewalks  were  5  or  6  ft.  wide,  and  the  clear  roadways  were  16  to  20  ft.  The  total  area, 
covered  by  the  roadway  and  sidewalk  floors  is  to  be  used  in  calculating  the  weight  of  steel. 

Weichts  of  Steel  Highway  Plate  Girder  Bridges.— The  weights  of  highway  plate  girder 
bridges  as  designed  by  the  Boston  Bridge  Works  for  the  live  loads  shown  are  as  follows.' 

Deck  plate  girder  highway  bridges  without  sidewalks  designed  for  a  live  load  of  100  lb.  per 
•q.  ft.  for  girders,  lOO  lb.  per  sq.  ft.  and  a  6-ton  wagon  for  the  floor.  The  weight,  w,  of  steel  in 
lb.  per  sq.  ft.  of  aerea  covered  by  the  floor,  not  including  joists  or  fence,  for  a  span  of  L  ft.,  is 

w  -  2.5  -f  L/3.4  (27) 

The  weight  of  deck  plate  girder  highway  bridges  with  sidewalks  is 

w  =  2.5  H-  L/4.4  (28) 

The  weight  of  through  plate  girder  highway  bridges  without  sidewalks  is 

w  =  3  -f  L/4.25  (29) 

The  weight  of  through  plate  girder  highway  bridges  with  sidewalks  is 

w  =»  3.3  +  L/5.6  (30) 

Weight  of  Electric  Railway  Bridges.— The  Boston  Bridge  Works  gives  the  following  formulas 
for  the  weight  of  electric  railway  bridges,  where  W  =  total  weight  of  steel  in  lb.  per  lineal  foot  of 
bridge  and  L  is  the  span  of  the  bridge  in  feet. 

Beam  bridges 

W  ^SO-^-SL  (3i> 

*  Published  by  permission  of  John  C.  Moses,  Chief  Engineer. 
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Light  truss  bridges 

TV"  =  200  +  0.8L  (32) 

Heavy  truss  bridges 

IT  -  250  -h  1.5L  (33) 

The  beam  bridges  were  designed  for  30-ton  cars;  the  light  truss  bridges  were  designed  for 
15-ton  cars  or  1,500  lb.  per  lineal  foot  of  bridge,  and  the  heavy  truss  bridges  were  designed  for 
30-ton  cars,  or  2,000  lb.  per  lineal  foot  of  bridge. 

LIVE  LOADS. — ^The  live  loads  for  highway  bridges  are  usually  assumed  to  consist  of  a  uni- 
form live  load  for  the  trusses  and  a  uniform  live  load  or  a  concentrated  moving  load  for  the  floor 
and  its  supports.  A  few  highway  bridge  specifications  require  that  trusses  be  designed  for  a  con- 
centrated moving  load  as  well  as  for  a  uniform  live  load,  and  also  that  the  floor  and  its  supports  be 
designed  for  a  concentrated  moving  load  and  that  the  portion  of  the  floor  of  the  bridge  not  covered 
by  the  concentrated  load  be  covered  with  a  uniform  live  load.  In  calculating  the  stresses  in  the 
truss  members  the  uniform  live  load  is  commonly  assumed  as  applied  in  full  joint  loads  at  joints 
on  the  loaded  chord.  Moving  loads  and  loads  suddenly  applied  produce  stresses  that  are  greater 
than  the  static  stresses  due  to  stationary  loads  or  to  loads  gradually  applied.  This  increase  in 
stress  due  to  moving  loads  or  due  to  loads  suddenly  applied  is  called  impact  stress. 

IMPACT. — The  effect  of  impact  or  increase  in  live  load  stresses  over  the  stresses  due  to  the 
same  loads  gradually  applied,  is  very  niuch  less  for  highway  bridges  than  for  railway  bridges. 
Experiments  made  by  Professor  F.  O.  Dufour  and  recorded  in  Journal  of  Western  Society  of  Engi- 
neers, June,  1913,  shoiy  that  the  effect  of  impact  on  steel  truss  highway  bridges  with  concrete  floors 
is  very  small.  The  effect  of  impact  on  steel  truss  bridges  with  plank  floors  is  considerably  larger 
than  for  bridges  with  concrete  floors.  The  maximum  impact  percentages  do  not  occur  with  maxi- 
mum static  stresses.  Experiments  made  at  the  University  of  Colorado  under  the  author's  direction 
show  that  the  effect  of  impact  on  highway  bridges  is  very  much  less  than  for  railway  bridges. 

The  specifications  of  the  highway  commissions  of  Illinois,  Iowa,  Michigan,  Nebraska  and 
Wisconsin  do  not  add  impact  for  highway  bridges. 

The  allowance  for  impact  by  the  Massachusetts  Railway  Commission  is  as  follows:  For 
stringers,  floorbeams  and  hangers,  when  loaded  with  a  20-ton  auto  truck,  50  per  cent ;  for  all  other 
loads,  floorbeams  and  stringers,  25  per  cent ;  floorbeam  hangers,  40  per  cent;  counters,  40  per  cent; 
for  all  other  members  in  trusses,  and  for  main  girders  the  percentage  shall  be  26}  minus  one- 
twelfth  the  loaded  length  in  feet,  with  a  maximum  of  25  and  a  minimum  of  10  per  cent. 

Mr.  J.  A.  L.  Waddell  in  "  Bridge  Engineering"  specifies  that  highway  bridges  shall  be  designed 
lor  the  impact  allowance,  /  =  100/ (nL  -h  200),  where  L  is  the  loaded  length  of  the  bridge  in  feet 
that  produces  maximum  stress  and  n  is  total  clear  width  in  feet  of  roadway  and  footwalks  divided 
by  twenty.  The  above  impact  allowance  is  made  for  motor-truck  loadings  but  not  for  road-roller 
loadings. 

General  Specification  for  Steel  Highway  Bridges  adopted  1918  by  the  Engineering  Institute 
of  Canada  specifies  impact  as  follows:  Impact  shall  be  added  to  the  maximum  computed  stresses 
produced  by  the  specified  motor-truck  and  electric-car  loads  only.  For  motor-truck  loads,  the 
impact  shall  be  taken  as  30  per  cent  of  the  statically  computed  stresses  produced  thereby.  For 
electric  car  loads,  the  impact  shall  be  determined  by  the  formula 

/  =  5.i5o/(L-i-30o), 

in  which  I  »  impact  stress;  S  ^  statically  computed  maximum  stress  in  member  considered 
due  to  electric-car  loads;  L  =  length  of  load  in  feet  producing  maximum  stress  in  member  con- 
sidered. 

The  specifications  of  the  West  Virginia  Highway  Commission  and  the  Oregon  Highway  Com- 
mission specify  the  impact  factor,  /  =  100/ (L  -f  300),  where  L  is  the  loaded  length  of  the  briHge 
in  feet  that  produces  maximum  stress  in  the  member. 

The  Montana  Highway  Commission  specifies  25  per  cent  impact. 
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The  U.  S.  Bureau  of  Public  Roads  specifies  30  per  cent  impact. 

The  Department  of  Public  Roads  of  Kentucky  requires  no  impact  allowance  for  bridges  with 
ooocrete  floors,  and  25  per  cent  for  bridges  with  wooden  floors. 

The  Utah  Highway  Commission  specifies  25  per  cent  impact  for  floors,  and  15  per  cent  for 
trusses. 

For  concrete  highway  bridges  the  impact  allowance  varies  from  no  impact  allowance,  as 
qiedfied  by  the  highway  commissions  of  Illinois,  Iowa,  Michigan,  Nebraska  and  Wisconsin ;  an 
allowance  of  15  per  cent  of  the  live  load,  as  specified  by  the  highway  commission  of  West  Virginia, 
to  an  allowance  of  30  per  cent  of  the  live  load,  as  specified  by  the  U.  S.  Bureau  of  Public  Roads. 
Watson's  "General  Specifications  for  Concrete  Bridges,"  third  edition,  19 16,  uses  an  impact  al- 
lowance of  /  B  i5o/(L  +  300),  where  L  is  the  loaded  length  of  the  bridge  in  feet  that  produces 
fnaximum  stress. 

Ketdnim's  Spedficatioiis  for  Impact. — ^The  author  has  adopted  the  following  impact  factors 
for  concrete  bridges  and  steel  bridges. 

(a)  For  concrete  arches  with  spandrel  filling  or  culverts  with  a  minimum  filling  of  one  foot, 
no  allowaDoe  for  impact. 

(b)  For  concrete  slab  and  girder  bridges  and  trestles,  and  arches  without  spandrel  filling,  30 
per  cent  for  impact. 

(c)  For  steel  bridges  the  following  allowance  for  impact.  For  the  floor  and  its  supports  in- 
dading  floor  slabs,  floor  joists,  floorbeams  and  hangers,  30  per  cent. 

For  all  truss  members  other  than  the  floor  and  its  supports,  the  impact  increment  shall  be 
I  s-  ioo/(L  +  300),  where  L  ^  length  of  span  for  simple  highway  spans  (for  trestle  bents,  towers, 
movable  bridges,  arch  and  cantilever  bridges,  and  for  bridges  carrying  electric  trains,  L  shall  be 
taken  as  the  loaded  length  of  the  bridge  in  feet  producing  maximum  stress  in  the  member). 

CONCBIVTRATBD  LIVE  LOADS. — ^Traction  engines  weighing  20  tons  are  quite  common  in 
the  west  and  northwest.  The  heaviest  motor  truck  in  common  use  has  a  capacity  of  yi  tons  and 
a  total  weight  of  13  tons,  with  nearly  10  tons  on  the  rear  axle.  With  an  overload  of  50  per  cent, 
whkfa  is  not  unusual,  this  truck  would  carry  14  tons  on  the  rear  axle.  The  maximum  road  roller 
weighs  20  tons. 

The  highway  commissions  of  the  different  states  have  adopted  concentrated  live  loads  as  fol- 
lows: Ulinob  specifies  a  15-ton  traction  engine;  Iowa  specifies  a  15-ton  traction  engine  for  bridges 
with  reinforced  concrete  floors;  Wisconsin  specifies  a  15-ton  road  roller;  Michigan  specifies  an 
i8-toa  road  roller;  Nebraska  specifies  a  20-ton  traction  engine;  Minnesota  specifies  a  20-ton 
traction  engine;  New  York  specifies  a  15-ton  road  roller;  all  loadings  to  be  used  without 
impact. 

Utah  specifies  an  18-ton  road  roller  with  25  per  cent  impact;  Oregon  specifies  a  15-ton  road 
roDer  for  medium  traflic  and  a  20-ton  road  roller  for  heavy  trafiic;  Montana  specifies  a  20-ton 
traction  engine  with  25  per  cent  impact;  the  Massachusetts  Railway  Commission  specifies  a  20- 
too  motor  truck  with  an  allowance  of  50  per  cent  for  impact  on  the  floor  and  its  supports;  Mr. 
J.  A.  L.  Waddell  in  "Bridge  Engineering"  specifies  for  class  A  bridges  an  18-ton  motor  truck 
with  impact  allowance  as  given  above. 

The  Ohio  State  Highway  Commission  specifies  a  20-ton  concentrated  load  on  two  axles 
spaced  10  ft.,  wheels  with  gage  of  6  ft.  with  two-thirds  on  rear  axle  on  roads  in  industrial  communi- 
ties, and  15  tons  with  same  spacing  and  distribution  on  country  highways.  Impact  for  bridges 
with  concrete  floors  is  one-half  that  given  for  steel  bridges  in  Appendix  I. 

The  U.  S.  Bureau  of  Public  Roads  specifies  a  15-ton  truck  for  all  types  of  highway  bridges 
except  timber  bridges  for  which  a  lo-ton  truck  is  specified.  Each  truck  has  axles  10  ft.  centers, 
and  wheels  6  ft.  centers,  with  two-thirds  of  the  total  load  carried  on  the  rear  axle.  All  loads 
with  50  per  cent  impact. 

General  Specification  for  Steel  Highway  Bridges  adopted  1 918  by  the  Engineering  Institute 
of  f^^T^^d^  specifics  motor-truck  loadings  as  follows:  For  city  bridges  a  25-ton  motor-truck  with 
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axles  spaced  12  ft.  and  wheels  with  an  8-ft.  gage.  Two-thirds  of  load  on  rear  axle.  Rear  wheels 
34  in.  wide.  For  bridges  in  towns  and  country  highways  a  15-ton  motor-truck  with  axles  spaced 
10  ft.  and  wheels  with  an  8-ft.  gage.  Two-thirds  of  load  on  rear  axle.  Rear  wheels  18  in.  wide. 
For  bridges  in  remote  mountainous  highways  an  8-ton  motor  truck  with  axles  spaced  8  ft.  and 
wheels  with  an  8-ft.  gage.    One-half  of  load  on  rear  axle.     Rear  wheels  6  in.  wide. 

For  additional  data  see  article  entitled  "Concentrated  Live  Loads  for  Highway  Bridges,*' 
by  Milo  S.  Ketchum,  printed  in  Univermty  of  Colorado  Journal  of  Engineering,  October, 
1916. 

Ketchum's  Specifications  for  Concentrated  Moving  Loads. — ^The  author  has  adopted  the 
following  specifications  for  concentrated  moving  loads. 

(a)  That  highway  bridges  on  main  roads  or  near  towns  or  cities  shall  be  designed  to 
carry  a  20-ton  motor  truck  with  axles  spaced  12  ft.  and  wheels  6-ft.  centers  on  axle,  with  14  tons 
on  rear  axle  and  6  tons  on  front  axle.  The  truck  to  occupy  a  space  10  ft.  wide  and  32  ft.  long. 
The  rear  wheels  to  have  a  width  in  inches  equal  to  the  total  load  in  tons  (20  in.  for  a  20-ton 
truck). 

(b)  That  bridges  not  on  main  roads  shall  be  designed  for  a  15- ton  motor  truck  with  axles 
spaced  10  ft.  and  wheels  6-ft.  centers  on  axle,  and  occupying  a  space  10  ft.  wide  and  30  ft.  long,  with 
10  tons  on  rear  axle  and  5  tons  on  front  axle,  and  with  rear  wheels  15  in.  wide. 

(c)  To  provide  for  impact  and  vibration  and  unevenness  of  road  surface  thirty  (30)  per  cent 
is  to  be  added  to  the  maximum  live  load  stresses.  Only  one  motor  truck  is  to  be  assumed  to  be  on 
a  bridge  at  one  time. 

Motor  trucks  have  narrower  tires  and  are  driven  at  greater  speeds  than  traction  engines,  and 
therefore  not  only  produce  greater  static  stresses  in  the  floor,  but  should  have  a  greater  impact 
allowance.  In  view  of  the  above,  it  would  not  appear  to  be  necessary  to  consider  any  road  rollers 
or  traction  engines  now  in  use  in  addition  to  the  above  motor-truck  loadings. 

DISTRIBUTION  OF  CONCENTRATED  LOADS.— In  designing  floor  slabs,  floor  stringers 
and  floorbeams  it  is  necessary  to  know  the  distribution  of  the  concentrated  loads. 

Concrete  Floor  Slabs. — ^Tests  of  the  distribution  of  concentrated  loads  on  concrete  floor  slabs 
have  been  made  by  the  Ohio  Highway  Commission,  the  results  of  which  are  given  in  Bulletin  No. 
28,  published  by  the  Commission;  by  Mr.  W.  A.  Slater  at  the  University  of  Illinois  and  described 
in  Proceedings  of  American  Society  for  Testing  Materials,  Vol.  XIII,  19 13,  and  by  A.  T.  Goldbeck  - 
and  E.  B.  Smith,  described  in  Journal  of  Agricultural  Research,  Vol.  VI,  No.  6,  Department  of 
Agriculture,  Washington,  D.  C,  May  8,  19 16. 

Ohio  Tests, — ^The  following  conclusions  drawn  from  the  Ohio  tests  are  of  interest: 

"The  percentage  of  reinforcement  has  little  or  no  effect  upon  the  distribution  to  the  joists,  so 
long  as  safe  loads  on  the  slabs  are  not  exceeded. 

"The  outside  joists  should  be  designed  for  the  same  total  live  load  as  the  intermediate  joists. 

"The  axle  load  of  a  truck  may  be  considered  as  distributed  over  12  ft.  in  width  of  roadway. 

"The  safe  value  for  'effective  width'  of  a  slab,  where  the  total  width  of  slab  is  greater  than 
1.33  L  +  4  ft.  is  given  by  the  formula,  e  =  0.6L  -f-  1.7  ft.,  where  e  =  effective  width  (width  over 
which  a  single  concentrated  load  may  be  considered  as  uniformly  distributed  on  a  line  down  the 
middle  of  the  slab  parallel  to  the  supports)  and  L  »  span  in  feet." 

Slater  Tests. — It  was  recommended  that  where  the  total  width  of  slab  is  greater  than  twice  ^ 
the  span,  the  effective  width  be  taken  as  e  =  4JC/3  -f  d,  where  x  is  the  distance  from  the  concen- 
trated load  to  the  nearest  support,  and  d  is  the  width  at  right  angles  to  the  support  over  which  the 
load  is  applied.    While  the  depth  of  slab  and  the  amount  of  longitudinal  reinforcement  had  little 
effect  on  the  distribution,  it  was  recommended  that  the. latter  be  limited  to  i  per  cent. 

Goldbeck  and  Smith  Tests, — ^Tests  were  made  on  three  slabs,  each  slab  being  32  ft,  wide,  16  ft. 
span,  and  with  effective  depths  of  10.5  in.,  8.5  in.  and  6  in.,  respectively.  All  slabs  were  made  of 
1-2-4  Portland  cement  concrete,  and  were  reinforced  with  0.75  per  cent  of  mild  steel. 
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The  following  condusions  were  drawn  from  these  tests: 

(i)  The  efiFective  width  decreases  as  the  effective  depth  increases;  the  efiFective  width  for  safe 
loads  being  75.7  per  cent;  81.1  per  cent,  and  109.3  per  cent  of  the  span,  for  the  slabs  having 
effective  depths  of  10.5  in.,  8.5  in.  and  6  in.,  respectively. 

(2)  For  slabs  in  which  the  ratio  of  the  width  of  the  slab  is  not  less  than  twice  the  span  length, 
the  effective  width  may  be  taken  as 

e  -  0.7L  (34) 

where  e  is  the  effective  width  and  L  is  the  span  length. 

(Additional  tests  by  Goldbeck,  Proceedings  American  Concrete  Institute,  19 17,  show  that 
formula  (34)  may  be  used  when  the  width  of  the  slab  is  not  less  than  the  span.) 

Watson's  "General  Specifications  for  Concrete  Bridges,"  third  edition,  1916,  specifies  that 
concentrated  loads  on  reinforced  concrete  slabs  may  be  assumed  as  distributed  over  a  distance  of 
4  ft.  at  right  angles  to  the  supports,  and  a  distance  parallel  to  the  supports  equal  to  2  ft.  plus 
three-tenths  of  the  span  of  the  slab. 

The  State  Highway  Department  of  Ohio  uses  the  following  distribution  of  concentrated  loads 
on  floor  slabs. 

For  spans  less  than  6  ft.  the  percentage,  />,  of  the  wheel  load  carried  by  one  foot  in  width  of 
slab  for  a  span  in  feet,  /,  is  given  by  the  formula 

/»  -  42  -  4/  (35) 

while  for  spans  greater  than  6  ft.  the  percentage,  />',  of  the  wheel  load  carried  by  onfe  foot  in  width 
of  slab  for  a  span  in  feet,  /,  is  given  by  the  formula 

^'  =  20  —  0.4/  (36) 

For  a  span  of  5}  ft.,  from  formula  (35),  />  »  20  per  cent,  and  the  concentrated  load  is  assumed 
as  carried  by  a  slab  5  ft.  wide,  applied  on  a  line  parallel  to  the  supports. 

For  a  span  of  10  ft.,  from  formula  (36),  p'  »  16  per  cent,  and  the  concentrated  load  is  assumed 
as  carried  by  a  slab  6.67  ft.  wide,  applied  on  a  line  parallel  to  the  supports. 

The  U.  S.  Bureau  of  Public  Roads  specifies  that  wheel  loads  be  distributed  on  concrete  slabs 
as  follows:  with  a  fill  of  baUast  or  paving  of  8  in.  or  less,  9  to  17  in.,  inclusive,  and  18  in.  or  more, 
an  area  of  distribution  of  4  ft.  square,  5  ft.  square,  and  6  ft.  square,  respectively. 

Flank  Floor  on  Steel  Stringers. — ^A  series  of  experiments  to  determine  the  distribution  of  con- 
centrated loads  on  a  timber  floor  supported  on  steel  stringers  has  been  made  at  Iowa  State  College 
of  Agriculture  and  Mechanic  Arts  by  T.  R.  Agg  and  C.  S.  Nichols,  and  published  in  Engineering 
Experiment  Station  Bulletin  53.  The  floor  consisted  of  a  3-in.  plank  floor  supported  on  6-in. 
I-beams  spaced  12  in.  centers  and  also  spaced  19  in.  centers;  and  a  3>in.  plank  floor  supported 
on  7-in.  I-beams  spaced  24  in.  centers  and  also  spaced  27  in.  centers.  The  concentrated  loads 
were  applied  through  wheels  6'  8"  in  diameter  and  24  in.  wide.  The  wheels  were  spaced  6  ft. 
centers.    A  summary  of  the  tests  shows: 

(i)  For  stringers  spaced  12  in.  centers  the  maximum  load  carried  by  a  single  stringer  was  25 
per  cent  of  a  wheel  load. 

(2)  For  stringers  spaced  from  24  in.  to  27  in.  centers  the  maximum  load  carried  by  one 
stringer  was  55  per  cent  of  a  wheel  load.  A  top  floor  of  2-in.  plank  laid  longitudinally  reduced 
the  concentration  under  a  wheel  slightly. 

(3)  The  concentration  on  stringers  immediately  under  the  wheels  was  slightly  increased 
when  the  ends  of  the  floor  planks  were  not  bolted  down. 

(4)  The  concentration  on  the  outer  stringer  increases  rapidly  as  the  load  approaches  the  side» 
and  the  outer  stringer  should  have  the  same  section  modulus  as  the  intermediate  stringers. 

These  tests  check  the  rule  that  the  percentage  of  a  concentrated  load  carried  by  one  stringer 
is  equal  to  the  stringer  spacing  in  feet  divided  by  four  feet. 

Floor  Stringers  and  Floorbeams. — ^The  Illinois  Highway  Commission  specifies  that  longi- 
tudinal stringers  be  spaced  not  more  than  2}-ft.  centers,  and  that  each  stringer  be  designed  for  20 
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per  cent  of  the  rear  axle  load  concentrated  at  the  center  of  the  span  when  a  concrete  sub-floor  is 
used,  and  25  per  cent  of  the  rear  axle  load  when  a  plank  floor  is  used.  Transverse  stringers  or 
floorbeams,  spaced  not  more  than  2}-ft.  centers,  shall  be  designed  to  carry  40  per  cent  of  the  rear 
axle  load  distributed  over  the  middle  10  ft.  of  the  stringer.  Floorbeams  shall  be  designed  for 
maximum  stresses  due  to  concentrated  load. 

The  Iowa  Highway  Commission  specifies  that  one-third  of  a  wheel  load  be  assumed  as  carried 
by  one  joist,  when  a  concrete  floor  slab  is  used,  and  that  one-half  of  a  wheel  load  be  assumed  as 
carried  by  one  joist,  when  a  plank  floor  is  used. 

The  Massachusetts  Rail^yay  Commission  specifies  that  the  wheel  load  on  plank  doors  be  dis- 
tributed over  a  width  in  feet  equal  to  the  thickness  of  the  floor  in  inches,  with  a  maximum  distri- 
bution of  6  ft.     With  solid  floors  each  wheel  load  is  assumed  as  distributed  over  a  width  of  6  ft. 

Watson's  ''General  Specifications  for  Concrete  Bridges,"  third  edition,  1916,  specifies  that 
the  part  of  the  concentrated  load  carried  by  one  stringer  shall  be  found  by  dividing  the  stringer 
spacing  by  the  gage  distance  of  the  concentrated  load.  With  a  gage  distance  of  6  ft.  this  gives 
one-third  the  total  load  for  a  stringer  spacing  of  2  ft.;  one-half  the  total  load  for  a  stringer  spacing 
of  3  ft.;  the  total  load  for  a  stringer  spacing  of  6  ft. 

General  Specification  for  Steel  Highway  Bridges  adopted  1918  by  the  Engineering  Institute 
of  Canada  specifies  that  roadway  stringers  or  joists  shall  be  designed  to  carry  proportions  of  the 
motor  truck  loads  as  given  by  the  formula  C  =  P'd/g,  where  C  =  proportion  of  front  or  rear 
wheel-load  supported  by  one  stringer;  P  =  concentration  on  one  wheel,  front  or  rear;  d  =  dis- 
tance center  to  center  of  stringers;  g  =  gage,  center  to  center  of  wheels. 

The  U.  S.  Bureau  of  Public  Roads  specifies  that  loads  be  distributed  on  stringers  and  floor- 
beams  as  follows:  For  bridges  with  a  timber  floor  and  longitudinal  stringers,  stringers  spaced  2  ft 
centers  shall  be  assumed  as  carrying  one-half  the  wheel  load,  stringers  spaced  3  ft.  centers  shall 
be  assumed  to  carry  three-fourths  the  wheel  load,  and  pfoportional  for  other  spadngs.  For 
bridges  with  concrete  floor  on  steel  or  reinforced  concrete  longitudinal  stringers,  stringers  spaced 
4  ft.  centers  shall  be  assumed  to  carry  two-thirds  of  the  full  load,  stringers  spaced  6  ft.  centers 
shall  be  assumed  to  carry  the  full  load,  and  proportional  for  other  spadngs.  Outside  stringers 
shall  be  placed  inside  the  curb  and  shall  have  at  least  as  much  strength  as  the  interior  stringers. 
For  bridges  with  concrete  floor  carried  on  steel  floorbeams  without  stringers,  each  floorbeam  shall 
be  assumed  to  carry  the  full  load  for  spadngs  of  5  ft.  to  10  ft.  For  spacings  of  floorbeams  less 
than  5  ft.  the  fraction  of  the  load  carried  by  one  beam  shall  be  equal  to  the  spadng  of  the  floor- 
beams  in  feet  divided  by  5  ft.  The  wheel  load  shall  be  assumed  as  uniformly  distributed  along 
the  floorbeam  for  depths  of  ballast  or  paving  of  8  in.  or  less,  9  in.  to  17  in.,  and  18  in.  or  more,  a 
distance  of  9  ft.,  10  ft.  and  11  ft.,  respectively. 

Ketchum's  Specifications  for  Distribution  of  Concentrated  Loads. — ^From  a  study  of  the 
various  tests  and  specifications,  the  author  has  adopted  the  following  rules  for  calculating  the 
stresses  in  slabs,  stringers  and  floorbeams: 

(a)  The  distribution  of  concentrated  wheel  loads  for  bending  moments  in  reinforced  concrete 
slabs  with  longitudinal  girders  shall  be  calculated  by  the  formula 

e^W  +  c)  (37) 

with  a  maximum  limit  of  6  ft.  for  e,  where  e  «  effective  width  (distance  that  the  load  may  be  con- 
sidered as  uniformly  distributed  on  a  line  down  the  middle  of  the  slab  parallel  to  the  supports), 
/  =»  span,  and  c  =  width  of  tire  of  wheel,  all  distances  in  feet.    See  Fig.  i.  ' 

(b)  The  distribution  of  concentrated  wheel  loads  for  bending  moments  in  reinforced  concrete 
slabs  with  transverse  girders  shall  be  calculated  by  the  formula 

«  =  2//3-hc  (38) 

with  a  maximum  limit  of  6  ft.  for  e,  where  e  «  effective  width,  /  =  span,  and  c  •»  width  of  tire  of 
wheel  as  defined  in  paragraph  (a).     See  Fig.  2. 
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(c)  The  distribution  of  concentrated  wheel  loads  for  bending  moments  in  slabs  of  girder 
bridges  in  which  the  span  of  the  bridge  is  not  less  than  the  width  of  bridge  center  to  center  of 
girders,  shall  be  calculated  lor  spans  of  9  ft.  or  over  by  the  formula 
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wifh  a  maximum  limit  of  «  »  12  ft.,  where  e  —  effective  width,  and  /  ">  span  as  defined  in  para- 
graph (a). 

table:  I. 

DisTKiBurroN  of  Concentrated  Loads  on  Slabs. 
Effective  Width  of  Slab  for  Concentrated  Load  Distributed  on  a  Line. 


ao-Ton  Aato  Track, 
MTbeel  ao  In.  Wide. 

xs-Ton  Auto  Track, 
Wheel  X5  in.  Wide. 

xa-Ton  Auto  Track. 
Wheel  xa  In.  Wide. 

xo-Ton  Auto  Track. 
Wheel  xo  In.  Wide. 

Effective  Width. 

Effective  Width. 

Effective  Width. 

Effective  Width. 

Lonsiradiiial 
Stringer. 

Transverse 
Stringer. 

Longitudinal 
Stringer, 

Transverse 
Stringer. 

Longitudinal 
Stringer. 

Transverse 
Stringer. 

Longitudinal 
Stringer. 

Transverse 
Stringer. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

^    Ft. 

Ft. 

Ft. 

z 
3 
4 

i  ■ 

7 

8 

2.4 

li 

44 

3.0 

S.O 

6.0 

2.2     • 

2.8 

3-5 

4v» 

4.8 

2.6 
3.3 

4.6 

S-3 
6.0 

2.0 
27 

3-3 
4.0 

4.7 

2.2 
2.8 
3.5 

4-2 

4.8 

kl 

2.6 
3.2 

2.0 
2.6 

3-3 

i°e 

Effective  width  on  line  along  center  of  beam  for  moment,  and  near  end  of  beam  for  shear. 
VCnimum  effective  width  of  shear  is  3  ft. 

id)  The  effective  width  for  shear  in  beams  carrying  concentrated  loads  shall  be  taken  the 
same  as  for  bending  *moment  as  calculated  by  formula  (37)  or  formula  (38),  with  a  minimum 
effective  width  of  3  ft.  and  a  maximum  effective  width  of  6  ft. 

The  total  shear  for  an  effective  width  of  3  ft.  shall  be  considered  as  punching  (pure)  shear. 
The  total  shear  for  an  effective  width  of  4.5  ft.  and  over  shall  be  considered  as  beam  shear  (a 
measure  of  diagonal  tension),  for  effective  widths  between  3  ft.  and  4.5  ft.  the  total  shear  shall  be 
divided  proportionally  between  punching  shear  and  beam  shear.  Beam  shear  shall  be  used  in 
calculating  bond  stress  and  as  a  measure  of  diagonal  tension. 
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(e)  In  the  design  of  longitudinal  joists  or  stringers  with  concrete  floors,  the  fraction  of  the 
concentrated  load  carried  by  one  stringer  for  spacings  6  ft.  or  less  shall  be  taken  equal  to  the  stringer 
spacing  in  feet  divided  by  6  ft. ;  with  plank  floors  the  fraction  of  the  concentrated  load  carried  by 
one  stringer  for  spacings  4  ft.  or  less  shall  be  taken  equal  to  the  stringer  spacing  in  feet  divided 
by  4  ft.,  the  maximum  in  each  case  being  the  full  load.  Outside  stringers  shall  be  designed  for 
the  same  load  as  intermediate  stringers. 

( / )  In  the  design  of  transverse  stringers  or  floorbeams  with  concrete  floors,  the  fraction  of  the 
concentrated  load  carried  by  one  floorbeam  for  floorbeams  spaced  6  ft.  or  less,  shall  be  taken  equal 
to  the  floorbeam  spacing  divided  by  6  ft.  For  floorbeams  spaced  6  ft.  or  over  the  entire  reactions 
are  assumed  as  carried  by  one  floorbeam.  Axle  loads  are  assumed  as  distributed  on  a  line  12  ft. 
long. 

The  distribution  of  concentrated  loads  calculated  for  different  auto  trucks  for  formulas  (37) 
and  (38)  are  given  in  Table  I. 

UNIFORM  LIVE  LOADS  FOR  TRUSSES.— The  uniform  live  loads  for  trusses  of  steel  high- 
way bridges  as  specified  by  the  highway  commissions  of  Illinois,  Iowa  and  Wisconsin,  the  American 
Concrete  Institute,  1916,  and  the  uniform  loads  as  specified  by  the  author  for  classes  Di  and  Dt 
are  given  in  Table  II.  The  Di  and  D2  loadings  are  to  be  taken  as  proportional  for  intermediate 
spans,  and  are  to  be  increased  for  impact. 

It  will  be  seen  that  the  Di  loadings  with  impact  added  are  practically  the  same  as  the  Illinois 
loadings;  while  the  D|  loadings  with  impact  added  are  practically  the  same  as  the  Iowa  and  Wis- 
consin loadings. 

TABLE   II. 

Uniform  Live  Loads  for  Highway  Bridges. 


Illinois  High, 
way  Commift- 
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way  Commis- 
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Up  to  50 

100 

Up  to  40 
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Up  to  80 

125 

Up  to  80 
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30 

125 

30 

too 

50-100 

100 

50-100 

90 

50 
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80-100 

no 

80-100 

90 

50 
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50 

90 

100-150 

100 

100-150 

80 

75 
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100-125 

100 

100-125 

80 

80 

85 

80 

75 

150-200 

«s 

150-200 

7C 

100 

93 

125-150 

90 

125-150 

75 

100 

80 

100 

71 

Over  200 

85 

200-250 

5C 

150 

6c 

150-200 

85 

150-200 

6S 

160 

68 

160 

60 

Over  250 

50 

180  and  over 

50 

Over  200 

80 

Over  200 

60 

200  and 
over 

60 

200  and 
over 

SO 

Class  Di  and  Dt  br 

idge  loadings  to  be  increased  foi 

•  impact. 

General  Specification  for  Steel  Highway  Bridges  adopted  1918  by  the  Engineering  Institute 
of  Canada  specifies  uniform  live  loads  for  trusses  as  follows: 

Class  A,  city  bridges,  100  lb.  per  sq.  ft.  for  spans  of  100  ft.  or  less;  80  lb.  per  sq.  ft.  for  spans 
of  200  ft.  and  over,  and  proportional  for  spans  between  100  ft.  and  200  ft.  Minimum  load  per 
lineal  foot,  1,200  lb. 

Class  B,  town  and  country  bridges,  80  lb.  per  sq.  ft.  for  spans  of  100  ft.  or  less,  60  lb.  per  sq. 
ft.  for  spans  of  200  ft.  and  over,  and  proportional  for  spans  between  100  ft.  and  200  ft.  Minimum 
load  per  lineal  foot,  900  lb. 

Qass  C,  remote  highway  bridges,  70  lb.  for  spans  of  50  ft.  or  less,  40  lb.  for  spans  of  200  ft.  and 
over,  and  proportional  for  spans  between  50  ft.  and  200  ft.  Minimum  load  per  lineal  foot,  600  lb. 

All  of  above  loadings  are  used  without  impact. 
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UHIFORM  LIVE  LOADS  FOR  FLOORS.^-The  Illinois  Highway  Commission  specifies  that 
stringers  and  floorbeams  for  spans  of  50  ft.  and  less  shall  be  designed  for  a  uniform  live  load  of  125 
lb.  per  sq.  ft.,  and  spans  over  50  ft.  in  length  for  a  uniform  live  load  of  100  lb.  per  sq.  ft.,  or  a 
15-ton  concentrated  load  for  all  spans.     No  allowance  is  made  for  impact. 

The  Iowa  Highway  Commission  specifies  a  live  load  of  100  lb.  per  sq.  ft.  or  a  15-ton  traction 
engine  for  class  '*A"  floors,  and  a  live  load  of  100  lb.  per  sq.  ft.,  or  a  lo-ton  traction  engine  for 
daas  "B"  floors  (plank  floors).     No  allowance  is  made  for  impact. 

The  Wisconsin  Highway  Commission  specifies  that  floor  systems  and  spans  under  40  ft.  be 
designed  for  a  15-ton  road  roller.     No  allowance  is  made  for  impact.^ 

The  Michigan  Highway  Commission  specifies  that  the  floor  and  its  supports  be  designed  for 
an  18-ton  road  roller,  or  100  lb.  per  sq.  ft.     No  allowance  is  made  for  impact. 

The  floor  systems  for  Di  bridges  are  to  be  designed  for  125  lb.  per  sq.  ft.  or  a  20-ton  auto  truck; 
while  Ds  bridges  are  to  be  designed  for  100  lb.  per  sq.  ft.  or  a  15-ton  auto  truck.  An  impact  factor 
of  30  per  cent  is  to  be  added  both  for  the  uniform  loads  and  for  the  auto  truck. 

WIND  LOADS  FOR  HIGHWA7  BRIDGES.—The  Illinois  Highway  Commission  specifies  a 
wind  load  of  25  lb.  per  sq.  ft.  on  the  vertical  projection  of  both  trusses  and  the  floor  system,  but  in 
no  case  shall  the  wind  be  less  than  300  lb.  per  lineal  foot  on  the  loaded  chord  nor  less  than  150  lb. 
per  lineal  foot  on  the  unloaded  chord. 

The  Iowa  Highway  Commission  specifies  150  lb.  per  lineal  foot  on  the  unloaded  chord  and 
300  lb.  per  lineal  foot  on  loaded  chord,  all  loads  considered  as  moving  loads. 

The  Wisconsin  Highway  Commission  specifies  150  lb.  per  lineal  foot  on  the  unloaded  chord 
and  300  lb.  per  lineal  foot  on  the  loaded  chord;  150  lb.  of  the  latter  being  considered  a  moving 
bad. 

Cooper's  1909  specifications  require  that  highway  bridges  be  designed  for  a  lateral  force  of 
150  lb.  per  lineal  foot  on  the  unloaded  chord,  and  a  lateral  force  of  300  lb.  per  lineal  foot  on  the 
kaded  chord,  150  lb.  of  the  load  on  the  loaded  chord  being  treated  as  a  moving  load.  For  spans 
exceeding  300  ft.  add  in  each  case  above  10  lb.  for  each  additional  30  ft. 

General  Specification  for  Steel  Highway  Bridges  adopted  19 18  by  the  Engineering  Institute 
of  Canada  specifies  wind  loads  as  follows:  A  wind  load  of  300  lb.  per  lineal  foot  on  loaded  chord, 
and  150  lb.  per  lineal  foot  on  unloaded  chord,  both  to  be  treated  as  moving  loads.  Viaduct 
towers  are  to  be  designed  for  a  wind  force  of  50  lb.  per  sq.  ft.  on  one  and  one-half  times  the  vertical 
projection  of  the  structure,  unloaded;  or  30  lb.  per  sq.  ft.  on  same  surface,  plus  150  lb.  per  lineal 
foot,  applied  5  ft.  above  floor,  when  structure  is  loaded.  The  longitudnal  bracing  of  towers  shall 
be  proportioned  for  same  loads  as  the  transverse  bracing. 

The  author's  specifications  for  wind  loads  are  given  in  "General  Specifications  for  Steel  High- 
way Bridges"  given  in  Appendix  I. 

SNOW  LOAD. — ^Snow  load  is  usually  not  considered  separately.  In  localities  where  the 
snow  is  heavy  the  snow  load  should  be  taken  into  account.  Loose  and  packed  snow  may  be 
aasumed  to  weigh  5  and  12  lb.  per  cubic  foot,  respectively. 

UVB  LOADS  FOR  ELECTRIC  RAILWAY  BRIDGES.— The  live  loads  specified  by  Mr. 
C.  C.  Schneider,  M.  Am.  Soc.  C.  E.,  in  his  Specifications  for  Electric  Railway  Bridges  are  as 
foUows: 

i  II.  Moving  Load. — ^The  moving  load  shall  consist  of  one  of  the  following  classes: 
Gass  A. — On  each  track  a  series  of  concentrations  consisting  of  two  pairs  of  trucks,  the  axles 
of  the  pairs  being  spaced  5  ft.  centers,  while  the  distance  between  centers  of  interior  axles  is  10 
ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers.  The  axles  are  loaded  with  a  load  of  40,000  lb., 
making  a  total  load  of  160,000  lb.  Or  a  uniform  load  of  6,000  lb.  per  lineal  foot  for  all  si>ans 
up  to  50  ft.,  reduced  to  4,500  lb.  per  lineal  foot  for  spans  of  200  ft.  and  over,  and  proportion- 
ately for  intermediate  spans. 

Qass  B. — On  each  track  a  series  of  concentrations  consisting  of  two  pairs  of  trucks,  the 
axles  of  the  pairs  being  spaced  5  ft.  centers,  while  the  distance  between  centers  of  interior  axles 
is  10  ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers.    The  axles  are  loaded  with  a  load  of  25,000 
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lb.,  making  a  total  load  of  100,000  lb.  Or  a  uniform  load  of  3,500  lb.  per  lineal  foot  for  all  spans 
up  to  50  ft.,  reduced  to  2,000  lb.  per  lineal  foot  for  spans  of  200  ft.  and  over,  and  proportionately 
for  intermediate  spans. 

Class  C. — On  each  track  a  series  of  concentrations  consisting  of  two  pairs  of  trucks,  the  axles 
of  the  pairs  being  spaced  5  ft.  centers,  while  the  distance  between  centers  of  interior  axles  is  10  ft., 
the  pairs  of  trucks  being  spaced  15  ft.  centers.  The  axles  are  loaded  with  a  load  of  20,000  lb., 
makmg  a  total  load  of  &,ooo  lb.  Or  a  uniform  load  of  2,500  lb.  per  lineal  foot  for  all  spans  up 
to  50  ft;,  reduced  to  1,500  lb.  per  lineal  foot  for  spans  of  200  ft.  and  over,  and  proportionately  for 
intermediate  spans. 

General  Specification  for  Steel  Highway  Bridges  adopted  191 8  by  the  Engineering  Institute 
of  Canada  specifies  three  electric  car  loads  as  follows: 

Class  A. — On  each  track  two  electric  cars  weighing  90,000  lb.  each;  each  car  on  two  pairs  of 
axles,  axles  of  pairs  being  spaced  5  ft.  centers,  while  the  distance  of  centers  of  pairs  is  25  ft.,  the 
pairs  of  trucks  being  spaced  20  ft.  centers.  The  distance  center  to  center  of  axles  in  adjacent 
electric  cars  is  10  ft.    Total  length  of  two  cars  is  90  ft. 

Class  B, — On  each  track  two  electric  cars  weighing  80,000  lb.  each,  with  same  dimensions  as 
cars  in  Class  A. 

Class  C. — ^Two  cars  weighing  30,000  lb.  each,  each  car  on  two  axles  spaced  7  ft.  centers,  with 
14  ft.  centers  of  axles  in  adjacent  cars.    Total  length  of  two  cars  is  56  ft. 

LIVE  LOADS  FOR  RAILWAY  BRIDGES.— The  live  loads  on  railway  bridges  are  properly 
a  series  of  moving  concentrated  loads.  The  loads  may  be  considered  to  consist  of  a  series  of  wheel 
loads  due  to  one  or  more  locomotives,  followed  by  a  uniform  train  load;  or  as  an  equivalent 
uniform  load. 

Concentrated  Loads. — ^The  most  common  wheel  concentration  loading  is  Cooper's  Conven- 
tional System,  in  which  two  consolidation  locomotives  are  followed  by  a  uniform  train  load. 
The  spadngs  for  the  wheels  of  all  loadings  are  constant,  the  loads  on  the  wheels  being  propor- 
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Fig.  3.    Cooper's  Loadings. 


tional  in  each  case.    Cooper's  loadings  are  shown  in  Fig.  3.     It  will  be  seen  that  Cooper's  £  50 
loading  has  the  same  wheel  spadngs  as  £  40,  all  loads  being  t  of  the  loads  for  £  40. 

In  bridges  designed  for  Class  £  40  loading  and  under  the  floor  system  must  in  addition  be 
designed  for  two  moving  loads  of  100,000  lb.  each,  spaced  6'  o"  apart  on  each  track.  The  corre- 
sponding loads  for  Class  £  50  are  120,000  lb.  with  the  same  spacing.  The  American  Railway 
£ngineering  Association  has  adopted  Cooper's  loadings,  except  that  the  special  loads  are  spaced 
7'  o".    A  moment  table  for  Cooper's  £  60  loading  is  given  in  Table  II,  Chapter  IV. 
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Eqiuvalent  Unifonn  Loads. — ^An  equivalent  uniform  load  is  one  which  approximately  pro- 
duces the  same  stresses  as  are  produced  by  a  series  of  concentrated  loads.  The  equivalent  uniform 
load  for  bending  moment  in  a  bridge  is  the  uniform  load  that  will  produce  the  same  bending 
moment  at  the  quarter  point  of  a  bridge  as  the  actual  wheel  loads.  The  equivalent  uniform 
loads  for  bridge  trusses  up  to  300  ft.  span  for  Cooper's  E  40  loading  are  given  in  Fig.  4.  For  a 
discussion  of  the  stresses  in  railway  bridge  trusses,  see  Chapter  IV. 
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CHAPTER  X. 
Design  of  Highway  Bridge  Floors. 

TTPBS  OF  FLOORS.— The  choice  of  floor  for  a  highway  bridge  depends  upon  the  traf&c, 
the  cost  indudtog  first  cost  and  cost  of  maintenance,  and  the  climate.  A  highway  bridge  floor 
consists  of  a  sub-floor  which  has  the  necessary  strength  to  carry  the  loads,  and  a  wearing  surface. 
Plank  floors  and  reinforced  concrete  slabs  without  wearing  surface  have  the  sub-floor  and  wearing 
surface  combined.  A  highway  bridge  floor  should  have  a  strength  and  a  weight  appropriate  to 
the  structure  of  the  bridge,  and  should  be  well  drained.  The  wearing  surface  should  be  water- 
proof, capable  of  resisting  wear  and  should  be  as  smooth  as  possible  without  being  slippery. 
For  proper  drainage  the  wearing  surface  should  have  a  longitudinal  grade  of  not  less  than  i  in 
100  or  a  transverse  slope  of  not  less  than  i  in.  in  12  ft.  The  Ohio  Highway  Commission  requires 
"Water-tight  floors  on  bridges  shall,  if  on  a  grade  of  less  than  }  per  cent  be  crowned  at  least  one 
inch  for  each  20  ft.  in  width."  Sub-floors  for  highway  bridges  are  made  (i)  of  reinforced  concrete; 
(2)  of  buckle  plates,  and  (3)  of  timber.  The  most  common  wearing  surfaces  for  highway  bridge 
floors  are  (a)  concrete,  (b)  bituminous  concrete,  (c)  asphalt,  (d)  creosoted  timber  blocks,  (e) 
brick,  (/)  stone  block,  (g)  macadam,  (h)  gravel  or  earth.  The  different  types  of  sub-floors  and 
wearing  surfaces  for  highway  bridges  will  be  described  in  some  detail. 

REIIVFORCED  CONCRETE  FLOOR  SLABS.— Reinforced  concrete  floor  slabs  on  steel 
highway  bridges  may  be  supported  on  joists  or  stringers  and  floorbeams,  or  by  the  floorbeams  alone. 
Stringers  are  used  for  beam  bridges  and  are  commonly  used  for  truss  bridges,  while  the  stringerless 
floor  is  commonly  used  on  plate  girder  bridges.  The  sub-floor  slabs  are  commonly  calculated 
to  carry  the  dead  load  due  to  the  weight  of  the  slab  and  of  the  wearing  surface,  and  a  live  load 
consisting  of  a  uniform  load  per  square  foot  or  a  concentrated  moving  load.  The  thickness  of 
rdnforced  concrete  slabs  in  short  spans  is  commonly  determined  by  the  concentrated  moving 
load.  The  stresses  in  reinforced  concrete  slabs  due  to  a  concentrated  load  will  depend  upon  the 
distribution  of  the  load  over  the  slab.  The  different  methods  for  the  distribution  of  concentrated 
loads  in  use  in  different  specifications  are  described  and  the  specifications  adopted  by  the  author 
are  given  in  Chapter  IX.    The  distribution  adopted  by  the  author  is  given  in  Table  I,  Chapter  IX. 

Design  <rf  Reinforced  Concrete  Floor  Slabs. — ^The  author's  specifications  for  the  design  of 
reinforced  concrete  floor  slabs  are  as  follows: 

(i)  The  floor  for  all  classes  of  highway  bridges  except  D%  shall  be  designed  for  the  actual 
dead  load  and  a  uniform  live  load  of  125  lb.  per  sq.  ft.  or  a  20-ton  auto  truck,  with  axles  12  ft. 
centers  and  wheels  6  ft.  centers,  14  tons  to  be  carried  on  rear  axle  and  6  tons  on  front  axle.  The 
rear  wheels  to  have  a  width  of  20  inches.  The  floors  for  Ds  are  to  be  designed  for  the  actual  dead 
load  and  a  uniform  live  load  of  100  lb.  per  sq.  ft.  or  a '15-ton  auto  truck,  with  axles  10  ft.  centers 
and  wheels  6  ft.  centers,  10  tons  to  be  carried  on  the  rear  axle  and  5  tons  on  the  front  axle.  The 
rear  wheels  to  have  a  width  of  15  inches.  To  provide  for  impact  30  per  cent  shall  be  added  to  all 
live  load  stresses  in  floor  slabs. 

(2)  The  distribution  of  concentrated  wheel  loads  for  moments  in  slabs  carried  on  longitudinal 
girders  shall  be  as  given  in  Table  I,  Chapter  IX. 

(3)  The  distribution  of  concentrated  wheel  loads  for  moments  in  slabs  carried  by  transverse 
floorbeams  alone  shall  be  as  given  in  Table  I,  Chapter  IX. 

(4)  The  concrete  slab  shall  be  designed  for  the  following  allowable  unit  stresses;  the  concrete 
to  be  made  of  one  part  Portland  cement,  2  parts  clean,  sharp  sand,  and  4  parts  suitable  gravel  or 

10  129 

Digitized  by  VjOOQ IC 


130 


DESIGN  OF  HIGHWAY  BRIDGE  FLOORS. 


Chap.  X. 


broken  stone  that  will  pass  a  i}  in.  ring,  and  that  will  give  a  compressive  strength  of  not  less  than 
2,000  lb.  per  sq.  in.  when  tested  in  cylinders  8  in.  in  diameter  and  16  in.  long  after  having  been 
stored  for  28  days  in  a  moist  closet.  Allowable  compression  in  slabs,  650  lb.  per  sq.  in.,  allowable 
tensile  stress  in  steel,  16,000  lb.  per  sq.  in.,  modulus  of  elasticity  of  steel  to  be  taken  as  15  times 
the  modulus  of  elasticity  of  concrete,  allowable  shear  as  a  measure  of  diagonal  tension  40  lb.  per 
sq.  in.,  punching  shear  120  lb.  per  sq.  in.,  bond  stress  in  slabs  80  lb.  per  sq.  in.  for  plain  bars. 

(5)  The  distribution  of  concentrated  loads  for  shear  shall  have  a  minimum  effective  length  of 
3  ft.  For  an  effective  length  of  3  ft.  the  allowable  average  shearing  stress  shall  be  taken  at  120 
lb.  per  sq.  in. ;  for  an  effective  length  of  4}  ft.  and  over  the  allowable  average  shearing  stress  shall 
be  taken  at  40  lb.  per  sq.  in.,  and  proportional  values  between  an  effective  width  of  3  ft.  and  4}  ft. 
The  concentrated  load  in  each  case  to  be  placed  so  as  to  produce  maximum  end  shear. 

The  depths  of  reinforced  concrete  slabs  required  to  carry  20-ton,  15-ton,  12-ton  and  lo-ton 
auto  trucks  with  an  allowance  of  30  per  cent  for  impact,  when  supported  on  longitudinal  joists  or 
stringers  are  given  in  Table  I,  and  the  thickness  of  floor  slabs  when  supported  on  cross  floorbeams 
(stringerless  floor)  are  given  in  Table  II.  The  reinforcing  steel  for  reinforced  concrete  floor  slabs 
is  given  in  Table  III.  The  reinforcement  given  in  the  table  is  to  be  placed  at  the  bottom  of 
slabs  calculated  as  simply  supported  and  at  top  and  bottom  of  slabs  calculated  as  continuous  or 
partially  continuous. 

TABLE  I. 

Thickness  of  Reinforced  Concrete  Floor  Slabs,  used  with  Joists. 


Simply  Supported.  Reinforcemem  on  Under  Side  Only,   j 

Fully  Continuous,  Reinforcement  on  Both  Sides.           1 

SU-. 

xa-Ton  Truck. 

x5-Ton  Truck.  |  ao-Ton  Truck. 

"IT 

za-Ton  Truck. 

T5-Ton  Truck. 

90-Ton  Truck. 

Weight  of  Wearing  Surfao*  Lb.  per  Sq.  Ft. 

Weight  of  Wearing  Sur&ce.  Lb.  per  Sq.  Ft. 

0 

too 

0 

xoo 

0 

100 

0 

xoo 

0 

xoo 

0 

XOO 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

2 

si 
5 

si 

5 

51 

1; 

5| 

2 

4J 

4J 

4i 

4i 

4J 

4^ 

I 

3 

6 

6 

6i 
6i 

of 

3 

5 

S 

S 

5' 

5i 

S\ 

4 

6 

n 

6 

7 

7i 

4 

si 

^i 

sJ 

5 

6 

6 

s 

6 

6 

7 

7i 

8 

5 

sl 

si 

S 

6 

3 

6 

6 

6} 

7 

7i 

7i 

8i 

8i 

6 

si 

6 

6 

6i 

7 

Center  of  reinforcing  i  in.  from  face  of  slab.     Impact  30  per  cent. 
Reinforced  as  in  Table  III. 

Examples  of  Rdnforced  Concrete  Floors. — Reinforced  concrete  floor  slabs  used  by  the 
Wisconsin  Highway  Commission,  the  lowai  Highway  Commission,  and  the  Michigan  State  High- 
way Department  are  given  in  Chapters  XI  to  XIII.  Reinforced  concrete  floors  used  by  the 
Ohio  State  Highway  Commission  are  given  in  Table  III,  Chapter  XXI. 

The  Illinois  Highway  Commission  (191 7)  for  stringer  spacingsof  2}  ft.  uses  a  concrete  sub- 
floor  4  in.  thick,  with  a  4  in.  concrete  wearing  surface,  or  a  3  in.  creosoted  timber  block  wearing 
surface.  The  concrete  sub-floor,  4  in.  thick,  is  reinforced  on  the  under  side  with  J  in.  square  bars, 
spaced  6  in.  genters  and  centers  i  in.  above  lower  edge.  Transverse  reinforcement  consists  of 
I  in.  square  bars  spaced  12  in.  centers.  The  concrete  is  specified  as  1-2-3}  mix,  and  is  designed 
for  a  stress  of  800  lb.  per  sq.  in.  Details  of  the  standard  highway  bridge  floors  of  the  Illinois 
Highway  Commission  are  shown  in  Fig.  2. 

(The  present  (1919)  practice  of  the  Illinois  Highway  Commission  is  to  use  6-in.  reinforced 
concrete  floor  slabs  on  steel  highway  bridges.  No  covering  is  used,  the  upper  two  inches  being 
considered  as  a  wearing  surface.) 

The  West  Virginia  Highway  Commission  specifies  1-2-4  concrete  and  a  minimum  thickness 
of  slab  of  5  in.  to  the  center  of  the  tension  reinforcement. 
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TABLE  IL 
Thickness  of  Reinforced  Concrete  Floor  Slabs,  used  without  Joists. 


Simply  Sapported.  Reinforcement  on  Under  Side  Only. 


IC" 


za-Ton  Truck.       15-Ton  Track.      ao-Ton  Truck. 


Weight  of  Wearing  Surface,  Lb.  per  Sq.  Ft. 


in. 

si 


\ 


m. 
6 

% 


S! 

9i 


in. 
6 
6i 
7 

7i 

81 


m. 
6J 

k 
8 

si 

9i 
10 
loj 


Partially  Continuous,  Reinforcement  on  Both  Sides. 


S^an, 


8 

9 
10 


za-Ton  Track.       z5-Ton  Track.      ao-Ton  Track. 


Weight  of  Wearing  Surface.  Lb.  per  Sq.  Ft. 


I! 


6i 

8 
8J 


m. 

I' 

6i 

6i 

?» 

8 

8J 

9 


3 


8  , 
8J 


in. 

il 

7 

7i 
7i 
8i 

10 


Center  of  reinforcing  i  in.  from  face  of  slab  for  slabs  less  than  7i  in.  thick. 
Center  of  reinforcing  1 J  in.  from  face  of  slab  for  slabs  7\  in.  and  over,  in  thickness. 
Impact  30  per  cent,  of  live  load. 
Reinforced  as  in  Table  IIL 


TABLE  IIL 

Reinforcement  for  Reinforced  Concrete  Floor  Slabs. 

The  reinforcement  given  in  this  table  is  to  be  used  at  the  bottom  of  the  slabs  figured  as  simpi/ 
supported,  and  at  the  top  and  bottom  of  slabs  figured  as  continuous  or  partially  continuous 
over  the  supports.  Longitudinal  reinforcement  }-in.  round  or  square  bars  spaced  two  feet 
centers. 


Total 

Concrete 
Oncaide 

Ar«aof 
Steel  per 

Weight 

Spacing  of  Ban  in  Inches.                                               | 

Thick- 
•ess.  In. 

Center 

of  Steel, 

In. 

Fo<« 
Width, 
Sq.  In. 

of  Slab, 
Lb.  per 
Sq.  Ft. 

Round. 

Square. 

fin. 

Jin. 

fin. 

iln. 

|In. 

Jin. 

fin. 

fin. 

s 

0.370 

63 

3* 

% 

10 

44 

8 

:;! 

.   si 

0.416 

69 

3 

9 

4, 

7: 

6 

0.462 

75 

2\- 

5, 

8 

3l 

6 

10 

6i 

0.508 

81 

A 

4i 

7i 

34 

6 

9l 

7 

0.SS4 

88 

^\ 

4i 

^? 

3 

s4 

84 

7* 

I' ; 

0.578 

94 

2i 

4 

64 

3, 

S 

8 

8 

0.624 

100 

2 

3 

6 

2} 

4 

74 

8} 

l| 

0.670 

106 

2 

3 

5* 

8 

24 

4 

7 

10 

9 

0.716 

"3 

3i 

Si 

7h 

4i 

64 

94 

9l 

|1 

0.762 

119 

3, 

:! 

7, 

4, 

6 

9 

10 

0.809 

125 

2:' 

64 

3i 

si 

8 

II 

0.901 

138 

21 

4, 

6 

3i 

si 
4i 

7 

12 

0.993 

150 

3l 

Si 

3 

6i 

Intcrpoh 

itc  for  intermediate  slabs. 
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The  Ohio  State  Highway  Commission  species  concrete  slabs  for  different  stringer  spacings  as 
follows:  5  in.  slab  for  2  ft.  spacing;  6  in.  slab  for  3  ft.  spacing;  6  in.  slab  for  4  ft.  spacing. 

Specifications  for  highway  bridges  of  the  state  of  Nebraska  specify  slabs  made  of  concrete  of 
a  1-2-4  ini^  6  in.  thick  reinforced  with  }  in.  round  bars  spaced  6  in.  centers.  The  bottom  of  the 
concrete  to  be  i  inch  below  top  of  joists. 


Concrete  per /inft.  ofroadmy*  6.36  (^ic yards.  Reir^orcement'  615pourfds. 
PburttnsMfoffhorFirst  ,      Pbur  this  hair  of  Floor /aU 


ComtructhnJoint -U 

3ecnoriA-A  SecrmB-B 

Use  this  detail  only  when  traffic  is  to  be  maintained durirtq  constructs.  Otherwise 
use  detail qivenbehw.  Other  notes  same  as  for  detail  shown  below. 


^J^'"^A-^i^iWBl 


Bn^^^J^achv^  n^  t^b^nm^s  ___      _  ^^L 


^ 


^S  b^r^ 


"TT 


-^ 


-^r¥^ 


i 

Hdf. 


5£CTI0tlA'A 


Uio^t^am        '^^i^^^^ff^'^^^^P^^^-^ 


'i%ri^r. 


ri 


SECnOtfBrB 
9^' 


.^ s"! 


\Z^'€ih 


,...  JlarfhperJoint^ 

DETAIL  OF 3LA50V£mFAt15    "^^^         iii^'^T^ 

^\^6''/E'bar5-Ti)paFCar6  /'  Z-Ffyh-fkperJoirftom'tFflm] 
"J— 7'"~^  r iqil — j : ™Z 


agfc»sgtt«wgga«^^  ;^ ; 


m 


i^ 


.:i^ 


•-^-/Br5  ^'-A-bars- 


I^ 


IllffiS 


-J 


cJyf 


'^^'prfhperJoirft 
'iBeannqFfate 

5ECTI0M  oti  ioF  Roadway 

OtNERAL  NOTES  SURFACE  Ji^EATMENT OF  ROADWAY 

Concrete  1:2:4  mix,  class  CZ.  Thorou^ly  clean  surface  and  spread  with  coal  tar  heated 

Reinforcement  i  "round,  medium  open  to  l50or550*F.  u5in<r at  least iq9llonsper5q.yd.  mfiJe  tar  is 
hearth  steel.  stilf hot  coyer  surface  withi  ofciean,coarse,sharpsand. 

Drain- I'/Z'taperedoutfonexhside.       hr  must  not  be  applied  when  concrete  tsdanp. 

Concrete  per  lin.  ft.of roadway  0.36  cubic  yards. 

Remfbrcenrtent  per  lin  ft  ofroadwaySZSpooffds. 


Fig. 


Reinforced  Concrete  Floor,  Michigan  Highway  Commission. 


The  standard  reinforced  concrete  floor  used  by  the  Michigan  Highway  Commission  is  shown 
in  Fig.  I.  The  slab  is  6i  in.  thick  at  the  center  and  6  in.  thick  at  the  curb.  The  details  of  the 
floor  are  shown  in  the  cut. 

Miscellaneous  Examples. — ^The  floor  in  Fig.  3  consists  of  3-in.  creosoted  blocks  laid  on  5-in. 
creosoted  timbers.  The  timber  blocks  were  laid  in  pitch  spread  on  tar  paper  laid  on  top  of  the 
timbers.  Expansion  joints  were  placed  at  intervals  of  about  50  ft.  transversely,  and  along  the 
curbs.  After  a  short  period  of  heaving,  the  pavement  reached  a  constant  condition,  and  has  given 
complete  satisfaction. 

The  timber  floor  shown  in  Fig.  4,  was  used  on  23d  Street  Viaduct,  Denver,  Colorado,  in  1909. 
The  timber  wearing  surface  was  replaced  in  19 17,  with  a  laminated  floor  made  of  2  in.  by  4  in. 
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pine  pieces  laid  edgewise  and  spiked  together.  A  top  wearing  surface  of  asphalt  one  and  one-half 
inches  thick  was  laid  on  top  of  the  laminated  floor.  The  results  after  two  years  use  are  satis- 
factory.   Details  of  timber  block  floors  are  shown  in  Fig.  5  and  Fig.  6. 


««*^«^ 


FteorB 


X 


^'M  H^    ^' 


^ShimJ 


FloorC 


Fbcx-D 
Fig.  2.    Standard  Highway  Bridge  Floors,  Illinois  Highway  Commission. 

BncUe  Plates. — Buckle  plates  are  made  by  "  dishing  "  flat  plates  as  in  Table  7,  Appendix  III. 
The  width  of  the  buckle  W  or  length  L,  varies  from  2  ft.  6  in.  to  5  ft.  6  in.  The  buckles  may  be 
turned  with  the  greater  dimension  in  either  dimension  of  the  plate.  Several  buckles  may  be  put 
in  one  plate,  all  of  which  must  be  of  the  same  size  and  be  symmetrically  placed.  Buckle  plates 
are  made  }  in.,  A  in.,  I  in.  and  xV  in.  thick.  Buckle  plates  should  be  firmly  bolted  or  riveted 
around  the  edges  with  a  maximum  spacing  of  6  inches,  and  should  be  supported  transversely 
between  the  buckles.  The  process  of  buckling  distorts  the  plates  and  an  extra  width  should  be 
ordered,  and  the  plate  should  be  trimmed  after  the  process  is  complete.  The  buckle  plates  are 
usually  supported  on  the  tops  of  the  stringers,  but  may  be  fastened  to  the  bottoms  of  the  stringers. 
The  space  above  the  buckles  is  filled  with  concrete  which  carries  the  wearing  surface.  Buckle 
plates  arc  now  seldom  used  except  for  special  floors  and  heavy  floors  where  the  weight  of  a  rein- 
forced concrete  floor  would  be  too  great,  or  where  it  is  necessary  to  cut  down  the  clearance. 

Plank  Floors. — ^As  long  as  an  excellent  grade  of  timber  was  available  and  the  concentrated 
fcads  were  not  excessive,  timber  floors  were  quite  satisfactory  when  properly  constructed.  Plank 
floors  should  be  of  white  oak,  long  leaf  yellow  pine  or  similar  timber,  laid  transversely.  Where 
two  layers  of  plank  are  used  the  lower  layer  is  laid  diagonally.  Planks  should  be  from  8  in.  to 
13  in.  wide  and  not  less  than  3  in.  thick.  To  carry  modem  auto  trucks  the  plank  should  have  a 
minimum  thickness  in  inches  of  three  halves  the  spacing  of  the  stringers  in  feet.  Planks  should 
be  laid  from  \  in.  to  }  in.  apart  so  that  water  will  not  be  retained,  but  will  run  through  and  will 
give  the  planks  an  opportunity  to  dry  out.  Where  more  than  one  layer  of  planks  is  used  a  liberal 
coating  of  coal  tar  to  the  upper  side  of  the  lower  planks  and  to  the  lower  side  of  the  upper  planks 
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will  materially  prolong  the  life  of  the  floor.  The  timber  in  floors  made  of  more  than  one  layer  of 
planks  should  be  creosoted.  Each  plank  should  be  solidly  spiked  to  each  joist  with  spikes  having 
a  length  of  not  less  than  twice  the  thickness  of  the  plank,  or  6-in.  spikes  for  3-in.  plank  and  8-iii. 


'>k — n  O^Jp  <^ter  Une 


>  I  i 

I  i  P 

Xs'^ Crepsofed  iotsfhern  Pfr?e  Bhch 

— TTT:^r 


Fig.  3.    Timber  Floor,  2oth  Street  Viaduct,  Denver,  Colorado. 


M  J?  Ckeir  fhffctwaty 


Fig.  4.    Timber  Floor,  23RD  Street  Viaduct,  Denver,  Colorado. 

spikes  for  4-in.  plank.  Where  steel  joists  are  used,  spiking  strips  about  3  in.  by  8  in.  are  bolted  to 
the  tops  of  all  joists,  or  spiking  strips  4  in.  by  6  in.  are  bolted  to  the  sides  of  three  lines  of  joists 
under  each  plank  length.  When  the  latter  method  is  used  the  floor  planks  are  fastened  to  the 
intermediate  joists  by  bending  spikes,  driven  through  the  floor  plank,  around  the  upper  flanges  of 
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the  joists.    For  specifications  for  plank  Boors,  see  the  author's  ''  General  Specifications  for  Steel 
Highway  Bridges." 

The  thickness  of  plank  for  different  loadings  and  spans  calculated  for  the  allowable  stresses 
required  by  the  author's  specifications  are  given  in  Table  IV. 

Laminated  Timber  Floor. — Highway  bridge  floors  are  sometimes  made  by  placing  2  in.  by 
4  in.,  2  in.  by  6  in.,  or  3  in.  by  8  in.  timbers  on  edge  and  spiking  them  together.  A  waterproof 
wearing  surface  is  placed  on  top  of  the  laminated  base.  The  safe  spans  for  a  laminated  timber 
floor  may  be  taken  the  same  as  for  planks  12  inches  wide. 


ROADWAY  ON  APPROACHt& 

«  4*  'y'""^"""""" 26'B'CioCTnjssis 


:'fbodDkxk 
Ls'Plank  ,. 


ROADWAY  ON  SWING  5PAN 


Fig.  5.    Roadway  Congress  St.  Bridge,  Chicago,  III. 


The  Oregon  Highway  Commission  uses  laminated  wood  floors  made  of  3  in.  by  8  in.  timbers 
placed  on  edge  and  spiked  together  at  intervals  of  not  less  than  18  in.  ''The  timbers  shall  prefer- 
ably be  long  enough  to  extend  the  full  width  of  the  roadway,  and  in  no  case  shall  mbre  than  two 
lengths  be  used  in  the  width  of  roadway.  Every  fifth  timber  shall  project  }  in.  above  the  inter- 
vening four  pieces,  to  furnish  a  grip  for  the  water-proof  wearing  surface." 

The  Ohio  Highway  Commission  has  prepared  the  following  specification  for  laminated  high- 
way bridge  floors. 
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"The  lumber  shall  be  oak  of  the  kind  and  size  specified  and  at  least  90  per  cent  shall  have  a 
length  equal  to  the  width  of  the  roadway  and  may  be  of  undressed  lumber.  If  a  strip  does  not 
extend  entirely  across  the  roadwav,  the  splice  shall  be  made  over  a  joist,  and  splices  in  adjacent 
strips  shall  be  staggered.  There  shall  be  no  variation  of  more  than  i  mch  in  the  depth  of  adjacent 
pieces.    Two  pieces  which  are  spliced  together  must  be  of  the  same  thickness. 


Fig.  6. 

**  Each  strip  of  the  floor  shall  be  placed  against  the  preceding  strip  laid,  the  greatest  dimension 
being  vertical,  and  spiked  to  the  preceding  strip  at  each  end  and  between  all  joists,  using  16  d 
spikes.  These  spikes  shall  be  omitted  on  one  continuous  joint  across  the  roadway  about  every 
four  feet,  so  that  the  floor  can  be  removed  in  sections  in  case  repairs  are  needed.  Hook  tx>lts 
along  the  side  of  the  roadway  are  to  be  at  the  center  of  each  of  these  sections.  Care  shall  be 
taken  to  have  each  strip  vertical  and  tight  against  the  preceding  one,  and  also  to  have  each  strip 
of  the  floor  bear  evenly  on  all  of  the  joists." 

A  laminated  floor  made  of  2  in.  by  4  in.  pine  timbers  placed  on  edge  and  spiked  together  was 
used  for  reflooring  23d  Street  Bridge,  Denver,  Colorado.  The  laminated  timber  base  is  covered 
with  an  asphalt  paving  i}  inches  thick. 


Fig.  7.    Laminated  Floor,  Chicago,  III. 


Example  of  Laminated  Floor. — ♦The  laminated  floor  shown  in  Fig.  7,  has  been  used  on  high- 
way bridges  in  Chicago,  111.  The  flooring  is  built  in  the  field,  the  strips  being  spiked  to  each  other 
with  20  d.  spikes  spaced  about  i  ft.  centers,  and  then  face  bolted  to  the  stringers  with  i  in.  bolts 
spaced  4  ft.  on  centers  along  the  bridge  and  about  5  ft.  transversely.  The  bolts  are  placed  in 
the  grooves.  Regulation  sheet  asphalt  was  laid  li  in.  over  the  tops  of  the  strips  and  granite 
chips  were  rolled  in  with  a  5-ton  roller.  This  sheet  asphalt  covering  cost  9  cts.  per  square  foot, 
delivered  hot  at  the  floor  and  23  cts.  for  labor,  or  a  total  cost  of  32  cts.     For  future  work  it  is 


'  Engineering  News-Record,  November  13-20,  1919. 
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proposed  to  use  the  following  mix;  bitumen,  8.5  per  cent;  cement,  9.5  per  cent;  stone  (from  |  in. 
down  to  No.  10  mesh)  25  per  cent;  sand,  57  per  cent.  On  the  Erie  bascule  bridge  the  strips  were 
supported  on  steel  stringers  spaced  2  ft.  8  in.  centers.  After  completion  a  coal  motor  truck 
weighing  14  tons  went  over  the  floor  at  12  miles  per  hour  without  noticeable  deflection.  The  cost 
per  square  foot  for  flooring  the  Erie  St.  bridge  was  82  cts.,  divided  as  follows:  8  cts.  for  carpenter 
work  at  {i.oo  per  hour,  i  ct.  for  carpenter  foreman,  at  $8.50  per  day;  3  cts.  for  bolts  in  place, 
at  60  cts.  per  bolt;  38  cts.  for  select  Douglas  flr  lumber,  at  $54  per  1,000  ft.  b.m.;  32  cts.  for 
asphalt  in  place,  including  material  and  labor.  The  floor  weighs  15  lb.  per  sq.  ft.  for  lumber  and 
14  lb.  for  asphalt,  or  a  total  of  29  lb.  This  floor  replaced  a  floor  of  4  in.  creosoted  blocks  laid  on 
6  in.  creosoted  planks  that  weighed  43  lb.  per  square  foot,  and  cost  {1.20  per  square  foot  for 
material  alone.  This  floor  practically  eliminates  vibration  and  is  practically  fireproof  and  water- 
proof. While  the  floors  (November,  1919)  have  only  been  in  service  3  months,  the  results  have 
proved  satisfactory. 

TABLE  IV. 

TmcKNBss  OF  I2-i:nch  Floor  Plane. 

For  8-inch  plank  add  23  per  cent  to  the  thickness  of  plank. 

Thickness  in  Inches,  Actual  Size,  No  Impact. 


SpKiMrfJolrt.. 

xo.Ton  Auto  Truck. 

la-Ton  Auto  Truck. 

i5-Ton  Auto  Truck. 

ao-Ton  Auto  Truck. 

12 

IS 

18 

21 
H 
27 

30 

11 

2 

2| 

2i 

2 

2i 

2i 

u 

2| 

11 

3t 
3f 

4i 

1! 
ji 

3i 
3i 

4, 

4i 
41 

Allowable  Stresses. — ^Bending  stress,  1,500  lb.  per  sq.  in.;  bearing  across  fiber,  400  lb.  per  sq.  in. 
Minimum  thickness  of  plank  allowed  by  Ketchum's  specifications  is  3  in.;   maximum  spacing 
of  joists  is  30  in. 

Creototed  Timber  Floor. — Creosoted  timber  may  be  used  as  a  sub-floor  for  a  creosoted  timber 
block  wearing  surface,  for  a  bituminous  wearing  surface,  or  may  carry  a  gravel  or  earth  fill,  or  may 
have  no  wearing  surface. 

Specifications  for  Creosoted  Timber^ — ^Timber  used  for  all  creosoted  floor  timbers  except 
blocks  shall  be  first-class  oak,  long-leaf  yellow  pine  or  Oregon  fir.  It  shall  be  cut  from  live  trees  and 
shall  be  straight  grained,  free  from  shakes,  large  or  loose  knots,  decayed  wood,  worm  holes  or  other 
defects  that  will  impair  its  strength  or  durability.  It  shall  be  sawed  straight  and  true  and  shall 
he  full  size.  All  timber  shall  be  impregnated  with  at  least  12  lb.  of  creosote  oil  per  cubic  foot  of 
timber.  The  creosote  oil  shall  be  a  pure  coal-tar  product  free  from  any  adulteration.  It  shall  be 
free  from  any  tar  or  any  petroleum  oil  or  petroleum  residue.  The  specific  gravity  at  100®  F.  shall 
he  at  least  1.03,  but  not  more  than  1.07.  The  creosote  oil  shall  comply  with  the  specifications  of 
the  American  Railway  Engineering  Association  for  creosote  oil.  The  timber  shall  be  impregnated 
vith  creosote  oil  by  the  full  cell  process.  The  details  of  the  treatment  shall  comply  with  the 
specifications  of  the  American  Railway  Engineering  Association  for  the  treatment  of  ties  with 
creosote  (m1. 

The  timbers  for  the  sub-floor  shall  be  surfaced  on  one  side  and  one  edge,  and  shall  not  vary 
moie  than  ^  in.  from  the  specified  thickness.    The  timbers  shall  be  laid  with  the  surfaced  side 
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down  with  tight  joints,  and  shall  be  fastened  to  the  outside  spiking  strips  with  two  6-in.  lag  screws 
at  each  end  of  each  plank,  and  to  the  intermediate  stringers  with  two  spikes  in  each  stringer,  the 
length  of  the  spikes  to  be  at  least  twice  the  thickness  of  the  floor  planks.  The  felloe  guard  shall 
be  bolted  to  the  stringers  with  f-in.  bolts  spaced  not  more  than  5  ft.  centers. 

WEARING  SURFACES  FOR  HIGHWAY  BRIDGE  FLOORS.— The  wearing  surface  of  a 
highway  bridge  floor  should  satisfy  the  usual  conditions  for  a  pavement  and  in  addition  should 
not  have  an  excessive  weight;  as  an  increase  in  dead  load  on  the  bridge  increases  the  necessary 
amount  of  steel  in  the  floor  supports  and  the  trusses  and  increases  the  total  cost.  The  most 
common  wearing  surfaces  will  be  briefly  described. 

Concrete. — ^A  concrete  wearing  surface  is  laid  on  top  of  the  concrete  slab  by  the  Illinois  High- 
way Commission  as  follows: — ^The  wearing  surface  shall  have  a  thickness  of  not  less  than  4 
inches.  The  lower  2  in.  of  the  wearing  surface  shall  be  made  of  concrete  mixed  in  the  proportions 
of  one  part  Portland  cement,  2  parts  dean  sand  and  4  parts  clean  gravel  or  broken  stone  that  will 
pass  a  li-in.  ring.  The  concrete  shall  be  thoroughly  mixed  in  a  batch  mixer  to  a  jelly-like  consis- 
tency and  shall  be  placed  immediately  on  the  sub-floor  slab.  Upon  this  concrete  layer  shall  be 
immediately  laid  a  2-in.  layer  of  mortar  made  by  mixing  one  part  Portland  cement  and  2  parts  of 
clean,  coarse  sand.  The  mortar  shall  be  mixed  to  a  jelly-like  consistency  in  a  batch  mixer  and 
shall  be  immediately  placed  upon  the  freshly  laid  concrete.  Before  the  mortar  has  begun  to  set 
it  shall  be  finished  off  with  a  wood  float,  and  before  it  has  hardened  it  shall  be  roughened  by  brush- 
ing with  a  stiff  vegetable  brush  or  broom. 

The  concrete  slab  and  the  concrete  wearing  surface  are  commonly  laid  in  one  operation,  the 
wearing  surface  being  finished  as  for  a  concrete  pavement. 

Creosoted  Timber  Blocks. — ^The  blocks  shall  be  made  of  prime  sound  long-leaf  yellow  pine 
or  Oregon  fir  and  shall  contain  no  loose  knots,  worm  holes  or  other  defects,  and  shall  be  well  manu- 
factured. No  wood  averaging  less  than  6  rings  to  the  inch,  measured  radially  from  the  center  of 
the  heart  shall  be  used.  The  blocks  shall  have  a  depth  as  specified,  but  the  depth  shall  not  be  less 
than  3  in.  The  blocks  shall  be  from  6  to  10  in.  long.  The  width  shall  be  from  3  to  4  in.,  but  the 
blocks  in  any  contract  shall  have  the  same  width.  A  variation  of  ^  in.  in  depth  and  i  in.  in 
width  will  be  permitted.  The  width  shall  be  greater  or  less  then  the  depth  by  not  less  than  J  in. 
The  blocks  shall  be  impregnated  with  creosote  oil  by  the  full  cell  process.  The  creosote  oil  and  the 
method  of  creosoting  timber  blocks  shall  be  the  same  as  specified  for  creosoted  timber.  All  creo- 
soted timber  blocks  shall  contain  not  less  than  16  lb.  of  creosote  oil  per  cubic  foot  of  timber. 

Laying  Creosoted  Timber  Blocks. — ^When  the  creosoted  timber  blocks  are  laid  on  a  creosoted 
timber  base,  a  layer  of  tar  paper  shall  be  laid  on  the  timber  base.  When  creosoted  timber  blocks 
are  laid  on  a  concrete  floor  slab,  a  layer  of  dry  cement  mortar  made  by  mixing  dry  one  part  of 
Portland  cement  and  four  parts  of  clean  dry  sand  shall  be  spread  on  the  dry  floor  slab.  The  cement 
cushion  shall  be  rolled  to  a  thickness  of  i  in.  As  the  blocks  are  laid  on  the  concrete  slab  the  sand 
and  cement  shall  be  moistened  by  sprinkling  and  the  blocks  shall  be  laid  before  the  cement  has 
had  time  to  set.  The  blocks  shall  be  laid  at  right  angles  to  the  length  of  the  bridge  in  paialld 
lines,  with  the  grain  vertical.  The  blocks  shall  break  joints  at  least  3  in.  Two  lines  of  blocks 
shall  be  laid  next  to  the  curb  with  the  long  dimension  of  the  block  parallel  to  the  bridge,  and  the 
remainder  of  the  blocks  shall  be  laid  at  right  angles  to  those  blocks.  The  blocks  shall  be  laid  with 
open  joints,  i-in.  open  joints  transversely,  }-in.  open  joints  longitudinally.  Expansion  joints  not 
less  than  i  in.  thick  the  full  depth  of  the  block  shall  be  provided  along  each  curb,  and  transverse 
joints  not  less  than  }  in.  thick  shall  be  provided  every  50  ft.  in  length  of  the  bridge.  These  joints 
shall  be  kept  closed  until  the  blocks  are  all  laid,  and  the  space  is  then  to  be  filled  with  a  bituminous 
filler.  After  the  blocks  have  been  laid  they  shall  be  tamped  or  rolled  to  firm  bearing.  All  defect- 
ive, broken,  damaged  or  displaced  blocks  shall  be  removed  and  replaced  with  sound  blocks.  AQ 
joints  and  expansion  joints  shall  then  be  filled  to  a  depth  of  two-thirds  the  depth  of  the  block  with 
a  satisfactory  bituminous  filler.  The  filler  shall  not  be  brittle  at  o**  F.  nor  flow  at  I20*  F.  The 
filler  shall  be  applied  at  a  temperature  of  not  less  than  300^  F.    After  the  first  application  has 
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set  the  joints  shall  be  filled  to  the  proper  height  with  a  second  coat.  Joints  shall  be  filled  only  in 
dry  weather,  when  the  temperature  is  not  less  than  50^  F.  Before  the  second  coat  has  hardened 
a  layer  of  sand  i  in.  thick  shall  be  spread  on  the  surface  and  shall  be  swept  into  the  joints. 

Bituminous  Wearing  Surface  Floors. — Bituminous  wearing  surface  floors  may  be  laid  on  a 
creosoted  timber  sub-floor  or  on  a  concrete  sub-floor. 

Bitmninous  Wearing  Surface  on  Timber  Sub-Floor. — ^The  bituminous  wearing  surface  may 
be  put  on  hot  by  the  standard  method,  or  by  a  cold  process.  The  specifications  adopted  in  191 7 
by  the  Illinois  Highway  Commission  are  as  follows: 

Bitominous  Wearing  Surface — ^Hot  Penetration  Method.    Illinois  Highway  Commission. 

Asphalt. — ^The  asphalt  used  for  bituminous  wearing  surface  shall  conform  to  the  following 
requirements:  Asphalt  shall  have  a  specific  gravity  at  25**  C.  of  not  less  than  0.97  nor  more  than 
unity.  It  shall  be  soluble  in  cold  carbon  disulphide  to  the  extent  of  at  least  98  per  cent.  Of  the 
total  bitumen,  not  less  than  22  per  cent  nor  more  than  30  per  cent  shall  be  insoluble  in  86**  B. 
naphtha.  When  20  grams  (in  a  tin  dish  2^  in.  in  diameter  and  }  in.  deep  with  vertical  sides)  are 
maintained  at  a  temperature  of  163**  C.  for  5  hours  in  a  N.  Y.  testing  laboratory  oven,  the  evapora- 
tion loss  shall  not  exceed  2  per  cent  and  the  penetration  shall  not  have  been  decreased  more  than 
25  per  cent.  The  fixed  carbon  shall  not  exceed  16  per  cent  by  weight.  The  penetration  as  de- 
termined with  the  Etow  machine,  using  a  No.  2  needle,  100  gra.  weight,  5  seconds  time,  and  a  tem- 
perature of  25®  C.  shall  be  not  less  than  30  nor  more  than  50.  The  asphalt  shall  contain  not  to 
exceed  6  per  cent  by  weight  of  parafline  scale. 

Aggregate. — ^The  aggregate  shall  consist  of  screened  gravel,  which  shall  have  been  approved 
b>-  the  engineer,  dry,  free  from  dust,  dirt  and  clay,  and  graded  in  size  from  f  in.  to  }  in. 

Cleaning  Sub-Planking. — Before  placing  the  wearing  surface,  the  sub-planking  shall  be  thor- 
oughly cleaned  from  all  foreign  material  and  the  cracks  shall  be  filled  and  the  plank  covered  to  a 
depth  of  approximately  }  in.  with  asphalt  of  the  character  herein  specified,  which  shall  be  applied  at 
a  temperature  of  not  less  than  400°  F.     The  sub-planking  shall  be  dry  when  the  asphalt  is  applied. 

Placing  Wearing  Surface. — ^The  p;ravel  shall  be  spread  on  the  asphalt  covering  while  the  same 
is  hot  and  m  a  quantity  which  will  just  cover  the  asphalt.  The  thickness  must  not  exceed  that 
which  will  be  formed  by  a  single  layer  of  the  gravel  pebbles. 

Upon  the  material  thus  spread,  there  shall  be  poured  hot  asphalt  until  the  interstices  are  all 
fined,  the  asphalt  being  at  a  temperature  of  not  less  than  400®  F. 

Upon  the  layer  of  asphalt  thus  poured  there  shall  be  spread  a  second  layer  of  gravel  which  shall 
not  exceed  the  thickness  of  a  single  layer  of  pebbles,  but  which  must  be  spread  in  sufficient  quantity 
to  cover  completely  the  layer  of  asphalt. 

Upon  the  layer  of  gravel  thus  spread  there  shall  be  poured  hot  asphalt  until  all  the  interstices 
are  filled,  the  asphalt  having  a  temperature  of  not  less  than  400°  F. 

Finish, — ^The  surface  shall  then  be  covered  with  a  layer  of  pebbles  just  sufficient  to  cover  the 
asphalt,  the  pebbles  to  be  well  rolled  or  tamped  into  the  asphalt  and  the  surface  finally  covered 
li^ith  coarse  sand  sufficient  to  take  up  any  free  asphalt.  After  the  surface  has  stood  for  one  day, 
it  may  be  opened  to  traffic. 

ffitnminous  Wearing  Surface — Cold  Mixing  Method,  using  an  Asphalt  Emulsion.  Illinois 
Higjnray  Commission. 

Asphalt  Emulsion. — ^The  emulsion  shall  consist  of  asphalt,  water  and  fatty  or  resin  soap  thor- 
oughly emulsified.     It  shall  conform  to  the  following  requirements: 

Total  bitumen Not  less  than  60.0  per  cent 

Specific  ^vity  of  dehydrated  material Not  less  than  i.ooo 

Penetration  of  dehydrated  material,  25°  C,  100  gm.,  5  sec 150  to  200 

Total  Bitumen. — ^The  total  bitumen  shall  be  considered  as  being  100  minus  the  sum  of  the 
percentages  of  water,  of  fatty  or  resin  acids,  of  organic  matter  insoluble  in  carbon  disulphide  other 
than  fatty  or  resin  acids  from  the  soap,  or  minexal  matter  (ash),  and  of  ammonia. 

For  percentages  of  water,  fatty  or  resin  acids,  organic  matter  insoluble  in  carbon  disulphide, 
mineral  matter  (ash),  and  ammonia,  see  United  States  Department  of  Agriculture  Bulletin  314, 

P-  41. 

Specific  Gravity. — ^Standardized  pycnometers,  United  States  Department  of  Agriculture 
BuUetm  314*  p.  4. 

Penetration.—A.  S.  T.  M.  Stand.    Test  D  5-16. 

Aggregate. — ^The  aggregate  shall  consist  of  crushed  stone  chips  uniformly  graded  from  i  in. 
down  to  dust  with  all  dust  removed,  to  which  shall  be  added  sufficient  sand  to  fill  all  remaining 
voids,  but  not  to  exceed  20  per  cent  of  the  volume  of  the  aggregate. 
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Cleaning  Sub-Planking. — Before  placing  the  wearine  surface,  the  sub-planking  shall  be 
thoroughly  cleaned  from  all  foreign  material  and  all  cracks  snail  be  filled  with  wood  strips  or  oakum. 

l/Rxing  Materials. — ^The  aggregate  and  the  asphalt  emulsion  shall  be  mixed  cold  in  the  pro- 
portions of  I  gal.  of  emulsion  to  i  cu.  ft.  of  am^egate.  To  facilitate  mixine,  water  to  the  extent  of 
20  per  cent  may  be  added  to  the  emulsion.  The  proportions  given  above  for  mixing  the  aggr^te 
and  the  emulsion  are  based  on  the  undiluted  emulsion.  The  mixine  shall  be  done  on  a  tight 
mixing  board  or  in  a  batch  concrete  mixer,  and  shall  continue  until  all  particles  of  the  aggr^^ate 
are  thoroughly  coated. 

Placing  Wearing  Surface. — ^After  mixing,  the  material  shall  be  spread  upon  the  roadway  in 
sufficient  quantity  to  provide  a  thickness  of  }  in.,  after  rolling  or  tamping. 

Finish. — ^After  the  material  has  been  rolled  or  tamped  smooth  and  to  a  uniform  thickness  of 
i  in.,  the  surface  shall  be  given  a  paint  coat  of  the  emulsion  applied  at  the  rate  of  }  &^.  per  sq.  yd., 
and  then  shall  be  covered  with  coarse  sand  sufficient  to  take  up  any  free  asphalt  and  to  fill  all  voids 
in  the  surface.    After  the  surface  has  stood  for  one  day,  it  may  be  opened  to  traffic. 

BituminoQa  Pavement  on  Concrete. — A  bituminous  wearing  surface  may  be  laid  as  on  the 
creosoted  plank  sub-floor,  or  the  wearing  surface  may  be  laid  according  to  the  following  standard 
method.  The  concrete  shall  be  dry  and  thoroughly  clean.  A  bituminous  wearing  surface  two 
inches  thick  is  applied  as  follows:  The  aggregate  consists  of  broken  stone  or  gravel  passing  a 
one-inch  screen  with  the  dust  screened  out  to  which  is  added  sand  equal  to  about  one-quarter  to 
one-half  the  volume  of  the  stone.  The  aggregates  shall  be  heated  and  mixed  with  the  bituminous 
material  in  a  mechanical  mixer  or  by  hand  with  hot  shovels.  The  asphalt  shall  be  mixed  not  less 
than  20  gallons  to  the  cubic  yard  of  aggregate  at  a  temperature  of  350*  to  400®  F.  The  mixture 
shall  be  applied  hot  to  the  concrete  surface  and  shall  be  raked  with  hot  hoes  or  rakes  and  rolled 
with  a  roller  weighing  not  less  than  5  tons.  After  the  surface  has  been  rolled  a  layer  of  hot  asphalt 
shall  be  applied  and  a  layer  of  coarse  sand  rolled  into  the  hot  asphalt. 

Examples  of  Highway  Bridge  Floors. — ^The  following  examples  of  highway  bridge  floors 
specified  by  different  highway  commissions  are  of  interest. 

The  Illinois  Highway  Commission  uses  the  following  standard  floors:  (i)  A  reinforced  con- 
crete sub-floor  4  in.  thick,  and  a  concrete  wearing  surface  4  in.  thick,  weight  100  lb.  per  sq.  ft.; 
(2)  a  reinforced  concrete  sub-floor  4  in.  thick  and  a  creosoted  timber  block  wearing  surface  3  in. 
thick,  weight  65  lb.  per  sq.  ft.;  (3)  a  creosoted  plank  sub-floor  3  in.  thick  and  a  wearing  surface  of 
creosoted  timber  blocks  3  in.  thick,  weight  32  lb.  per  sq.  ft.;  and  (4)  a  creosoted  timber  ship  lap 
floor  3  in.  thick  and  a  wearing  surface  of  creosoted  timber  blocks  3  in.  thick,  weight  26  lb.  per  sq.  ft. 
For  details  of  Illinois  Highway  Commission's  standard  floors  see  Fig.  2. 

The  Michigan  Highway  Commission  uses  the  following  surface  treatment  on  concrete  floor 
slabs.  The  surface  of  the  concrete  is  thoroughly  cleaned  and  }  of  a  gallon  of  coal  tar  per  sq.  yd., 
heated  to  a  temperature  of  250°  to  350°  F.  is  spread  over  the  slab.  While  the  tar  is  hot  the  surface 
is  evenly  covered  with  a  layer  J  in.  thick  of  clean,  sharp,  coarse  sand. 

The  Wisconsin  Highway  Commission  does  not  specify  a  wearing  coat  on  top  of  concrete  floor 
slabs. 

The  Iowa  Highway  Commission  uses  either  a  3  in.  fill  of  gravel  or  a  creosoted  block  floor  3  in. 
thick.  Concrete  slabs  are  covered  with  a  bituminous  coating  made  by  appljdng  to  the  clean  dry 
slab  }  of  a  gallon  of  hot  tar  per  sq.  yd.  A  layer  of  coarse  dry  sand  is  heated  and  sifted  on  top  of 
the  tar. 

For  additional  examples  of  highway  bridge  floors  and  data  on  concentrated  loads  on  bridges 
and  details  of  the  design  of  highway  bridge  floors,  see  paper  entitled  **  Highway  Bridge  Floors," 
by  Professor  Charles  M.  Spofford,  Proceedings  Society  Western  Pennsylvania,  Vol.  31,  pp.  727-826. 

Cost  of  Floors. — ^The  costs  of  highway  bridge  floors  were  estimated  by  Mr.  Clifford  Older, 
bridge  engineer,  Illinois  Highway  Commission  in  191 5  as  follows:  Concrete  in  sub-floors  including 
reinforcing  steel,  $12.00  per  cu.  yd.;  concrete  wearing  surface,  4  in.  thick,  $0.90  per  sq,  yd.; 
creosoted  sub-plank  (12-lb.  treatment)  in  place,  $70  per  thousand  feet  B.  M.;  creosoted  blocks  3 
in.  thick,  in  place,  $1.80  per  sq.  yd.;  bituminous  gravel  wearing  surface,  f  in.  thick,  $0.60  per  sq. 
yd.  The  weights  and  costs  of  the  Illinois  Highway  Commission  standard  floors  were  as  follows: 
concrete  sub-floor  4  in.  thick  and  concrete  wearing  surface  4  in.  thick,  weighs  100  lb.  per  sq.  ft.. 
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and  cost  $12.95  P^  ^q.  yd.;  concrete  sub-floor  4  in.  thick,  and  creoeoted  blocks  3  in.  thick,  weighs 
65  lb,  per  sq.  ft.,  and  cost  $3.25  per  sq.  yd.;  creosoted  plank  sub-floor  3  in.  thick,  and  creosoted 
blocks  3  in.  thick,  weighs  32  lb.  per  sq.  ft.,  and  cost  I4.10  per  sq.  yd.;  creosoted  plank  sub-floor 
3  in.  thick,  and  bituminous  wearing  surface  }  in.  thick,  weighs  26  lb.  per  sq.  ft.,  and  cost  $3.00 
per  sq.  yd. 

DESIGN  OF  STRINGERS. — ^Stringers  or  joists  support  the  floor  and  in  turn  are  supported 
by  the  floorbeams.  The  joists  may  be  supported  on  the  tops  of  the  floorbeams  or  may  be  framed 
into  the  floorbeam  by  the  use  of  connection  angles.  Where  concrete  floors  are  used  the  steel  joists 
should  either  be  supported  on  the  tops  of  the  floorbeams  or  if  framed  into  the  floorbeams  should 
have  the  upper  flanges  of  the  beams  coped  so  that  the  tops  of  the  joists  will  be  on  the  same  level 
as  the  floorbeams.  The  loads  carried  by  the  joists  are  (i)  the  dead  load  which  is  made  up  of  the 
veight  of  the  joists,  the  floor  slab  and  the  wearing  surface;  (2)  a  uniform  live  load,  or  a  concen- 
trated moving  load.  The  uniform  live  load  and  the  concentrated  moving  loads  are  the  same  as  the 
loads  used  in  designing  tKe  floor  slabs,  but  the  distribution  of  the  concentrated  load  is  not  the  same. 
The  distribution  of  the  moving  concentrated  load  to  the  joists  as  specified  by  different  highway 
commissions  and  others,  and  by  the  author  have  already  been  given. 

Steel  Stringers. — ^The  sizes  of  steel  I-beams  of  minimum  weights  required  for  stringers  with 
different  spacings  to  carry  a  dead  load  of  100  lb.  per  sq.  ft.  and  a  20-ton  auto  truck  with  30  per  cent 
impact  or  a  live  load  of  125  lb.  per  sq.  ft.  with  30  per  cent  impact  are  given  in  Fig.  8;  and  to  carry 
a  dead  load  of  100  lb.  per  sq.  ft.  and  a  15-ton  auto  truck  with  30  per  cent  impact  or  a  live  load  of 
100  lb.  per  sq.  ft.  with  30  per  cent  impact  are  given  in  Fig.  9.  The  sizes  of  steel  I-beams  of  mini- 
mum weights  required  to  carry  a  dead  load  of  100  lb.  per  sq.  ft.  and  a  15-ton  auto  truck  without 
impact  or  a  live  load  of  100  lb.  per  sq.  ft.  without  impact  are  given  in  Fig.  10.  The  steel  stringers 
used  by  the  >^^sconsin  Highway  Commission  to  carry  a  15-ton  road  roller  without  impact,  and  the 
steel  stringers  used  by  the  Iowa  Highway  Commission  to  carry  a  15-ton  traction  engine  without 
impact  are  practically  the  same  as  those  given  in  Fig.  10. 


TABLE  V. 

Spacing  of  Timber  Stringers  or  Joists. 

Calculated  for  20-ton  Auto  Truck,  Without  Impact. 


XoaiwJ  Size  of 
J««U.Ixi. 

Maximam  Spacing  In  Feet  for  Different  Spans  in  Feet.                                          | 

6 

8 

xo 

Z9 

»4 

x6 

x8 

ao 

3  X  10 

4X10 

3X12 

4X12 

3X14 

4X14 

6X14 

4X  16 

6X16 

0.7 
0.9 

0.8 

I.I 

1.0 
1.3 

2.0 

1.5 
2.2 

0.7 
0.9 
0.8 

I.I 
1.0 

1-3 

2.0 

1-5 
2.2 

0.6 

0.8 

0.7 

1.0 

0.8 
I.I 

1.7 
2.2 

1.0 

IS 
1.3 

2.0 

1-3 
1.2 

17 

1.2 
1.0 
IS 

0.8 

I.I 

I.O 
1.3 

2.0 

1.5 
1.2 

1.0 

1-3 

2.0 

1-5 

2.2 

The  proportion  of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equal  to  the 
spacing  of  the  joisu  in  feet  divided  bv  four  feet. 

Joists  were  designed  for  allowable  stresses  as  follows:  Cross-bending,  1,500  lb.  per  sq.  in.;  bear- 
ing across  the  grain  400  lb.  per  sq.  in.;  longitudinal  shear  140  lb.  per  sq.  in. 

Spacing  of  joists  for  spans  to  left  of  heavy  line  are  determined  by  longitudinal  shear. 
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Timber  Joists. — ^The  sizes  of  timber  stringers  or  joists  for  different  spadngs  and  spans  to 
carry  a  20-ton  auto  truck  are  given  in  Table  V;  to  carry  a  15-ton  auto  truck  in  Table  VI,  and  to 
carry  a  lo-ton  auto  truck  in  Table  VII.  The  timber  joists  were  designed  for  the  following  unit 
stresses,  to  be  used  without  impact:  Allowable  bending  stress,  1,500  lb.  per  sq.  in.;  allowable 
bearing  across  the  grain,  '400  lb.  per  sq.  in. ;  allowable  longitudinal  shear  in  beams,  140  lb.  per  sq.  in. 
The  maximum  spacings  of  timber  joists  for  short  spans  are  determined  by  the  longitudinal  shear. 

TABLE  VI. 

Spaong  of  Timber  Stringers  or  Joists. 

Calculated  for  15-ton  Auto  Truck,  Without  Impact. 


Nominal  Size  of 
Joi»tt.  In. 

Mazimom  Spacing  in  Feet  for  Different  Spans  in  Feet. 

6 

8 

zo 

za 

14 

z6 

z8 

ao 

3  X  10 

4X  10 

3  X  12 

4X12 

3X14 

4X14 

6X14 

4X16 

6X16 

1.0 
I.I 

1.6 
1.4 
1.9 

2.8 
2.1 
31 

1.0 
1.3 
I.I 

1.6 

1-4 
1.9 

2.8 
2.1 
31 

0.8 
I.I 

0.9 
I.O 

1-4 

1.2 
1.2 
1.6 

2.4 
2.1 

3.1 

1.0 
1.0 

1-4 

2.0 

1.8 

2.7 

1.2 

.      1.8 
1.6 

2.4 

I.I 

1.6 

IS 
2.2 

I.I 

1.6 

1-4 
1-9 

2.8 
2.1 
3.1 

1-4 
1-9 

2.8 
2.1 
3.1 

The  proportion  of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equal  to  the 
spacing  of  the  joists  in  feet  divided  by  four  feet. 

Joists  were  designed  for  allowable  stresses  as  follows:  Cross-bending,  1,500  lb.  per  sq.  in.;  beai^ 
mg  across  the  grain,  400  lb.  per  sq.  in.;  longitudinal  shear,  140  lb.  per  sq.  in. 

Spacing  of  joists  for  spans  to  left  of  heavy  line  are  determined  by  longitudmal  shear. 

TABLE  VII. 
Spacing  of  Timber  Stringers  or  Joists. 
Calculated  for  lo-ton  Auto  Truck,  Without  Impact. 


Nominal  size  of 
Joisu  In. 

Maximum  Spacing  in  Feet  for  Different  Spans  in  Feet, 

6 

8 

zo                              Z2 

H 

z6 

z8 

'•oT 

3X  10 

4X  10 

3X12 

4X  12 

3X14 

4X14 

6X  14 

4X16 

6X16 

1-4 

2.0 

1.8 

2.4 
2.0 
2.8 

4.1 
3.2 
4.7 

1-4 
2.0 

1.8 

2.4 
2.0 
2.8 

4.1 

3.2 

4.7 

1.2 

1.7 

1.0 

1.4 

IS 

2.0 

0.9 
1.2 

1.3 

1.8 
1.8 
2.4 

3-5 
3.2 

4.7 

1.0 
I.I 

IS 

1.5 
2.1 

1:1 

41 

1.0 

1-4 

1.4 
1.9 

2.8 

1.2 
1.2 

1.7 

2.5 
2.2 

3.3 

1.8 

2.4 

2.0 

2.8 
4.1 

3-2 

4.7 

2.0 
2.8 

4-1 

3.2 
4.7 

The  proportion  of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equal  to  the 
spacing  of  the  joists  in  feet  divided  by  four  feet. 

Joists  were  designed  for  allowable  stresses  as  follows:  Cross-bending,  1,500  lb.  per  sq.  in.;  bear- 
ing across  the  grain,  400  lb.  per  sq.  in.;   longitudinal  shear,  140  lb.  per  sq.  in. 

Spacing  of  joists  for  spans  to  left  of  heavy  line  are  determined  by  longitudinal  shear. 
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B     U      »      18     20     n     U  2      3      4      5 

PaoeiLenqthinFeet.  Spdcinqhfeet 

Fig.  8.    Bending  Moments  in  Floorbeams  and  Stringers  for  2o-ton  Auto  Truck. 
(30  PER  CENT  Impact).    Concrete  Floor. 


MImS^ 
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rixii' 


15      4      5 

Spaciffqinfeet 


H     »     a     20     22    a 
PanelLenqthmFeet, 

Fig.  9.    Bending  Moments  in  Floorbeams  and  Stringers  for  15-TON  Auto  Truck. 
(30  per  cent  Impact).    Concrete  Floor. 
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DESIGN  OF  FLOORBEAMS.— The  floor  loads  may  be  carried  to  the  floorbeams  by  means 
of  stringers  or  joists,  or  the  loads  may  be  carried  to  the  floorbeams  directly  by  the  floor  slabs. 
The  loads  carried  by  the  floorbeams  consist  of  (i)  the  dead  load  which  is  the  weight  of  the  floor 
system;  (2)  a  uniform  live  load  or  a  concentrated  moving  load.  The  uniform  live  loads  are  the 
same  as  the  uniform  live  loads  used  in  designing  the  floor  slabs  and  stringers,  but  the  distribution 
of  the  concentrated  moving  load  is  not  the  same  as  for  either  the  floor  slabs  or  the  stringers.  The 
distribution  of  the  moving  concentrated  load  to  floorbeams  as  specified  by  different  highway  com- 
missions and  others,  and  by  the  author  have  been  given  in  Chapter  IX. 

Steel  I-Beam  Floorbeams. — The  sizes  of  steel  I-beams  required  for  floorbeams  for  panel 
lengths  of  10  ft.  to  24  ft.  and  widths  center  to  center  of  trusses  or  girders  of  15  ft.  to  26  ft.,  to  cany 
a  dead  load  of  100  lb.  per  sq.  ft.,  and  a  20-ton  auto  truck  with  30  per  cent  impact,  or  a  uniform  live 
load  of  125  lb.  per  sq.  ft.  with  30  per  cent  impact  are  given  in  Fig.  8;  while  the  floorbeams  required 
to  carry  a  15-ton  auto  truck  with  30  per  cent  impact,  or  a  uniform  live  load  of  100  lb.  per  sq.  ft. 
with  30  per  cent  impact  are  given  in  Fig.  9.  It  will  be  noted  that  the  uniform  live  load  controls 
for  wide  roadways  or  for  long  panels. 

For  a  bridge  17  ft.  center  of  trusses  and  18  ft.  panels,  from  Fig.  8  the  required  floorbeam 
is  a  ^4  in.  I  ®  80  lb.,  while  from  Fig.  9  the  required  floorbeam  is  a  20  in.  I  ®  70  lb. 

The  sizes  of  steel  I-beams  required  for  floorbeams  for  panel  lengths  of  10  ft.  to  24  ft.,  and 
widths  center  to  center  of  trusses  or  girders  of  15  ft.  to  26  ft.,  to  carry  a  dead  load  of  100  lb.  per  sq. 
ft.  and  a  15-ton  auto  truck  without  impact,  or  a  uniform  live  load  of  100  lb.  per  sq.  ft.  without  im- 
pact are  given  in  Fig.  10.  These  are  practically  the  floorbeams  required  by  the  specifications  of 
the  Illinois,  Iowa,  and  Wisconsin  Highway  Commissions.  Steel  stringers  for  the  same  loading 
are  given  in  Fig.  10. 

The  bending  moments  for  the  design  of  built-up  floorbeams  may  be  obtained  from  Fig.  8, 
Fig.  9,  or  Fig.  10. 


Uli^ 


B'/ui' 


10    n    id    16    a    2ff   i2   u 

Panel  Lenqthln  Feet. 


2     3      4      5 

Spacf'nqmFeet 


Fig.  10.    Bending  Moments  in  Floorbeams  and  Stringers  for  i  5-ton  Auto  Truck. 
(No  Impact).    Concrete  Floor* 


Digitized  by 


Google 


CHAPTER  XL 
Design  of  Beam  Highway  Bridges. 

IntroditctioiL — Beam  bridges  are  made  by  placing  steel  beams  side  by  side  with  the  ends 
resting  on  the  abutments.  The  roadway  floor  may  have  a  concrete  sub-floor  with  an  earth  fill 
ik^earing  surface,  a  timber  block  wearing  surface,  an  asphalt  or  bituminous  wearing  surface,  or  a 
concrete  wearing  surface;  or  a  plank  floor  may  be  used.  The  spacing  of  the  beams  depends  upon 
the  load  to  be  carried  and  upon  the  type  of  floor.  An  old  rule  for  the  thickness  of  oak  floor  planks 
was  that  the  floor  should  have  at  least  one  inch  in  thickness  for  each  foot  of  spacing  of  joists  or 
stringers.  >^th  the  modern  auto  truck  a  better  rule  is  that  the  floor  planks  shall  have  three 
iaches  in  depth  for  each  two  feet  of  spacing  of  joists  or  stringers,  with  a  minimum  thickness  of 
3  inches.  Joists  or  stringers  with  plank  floors  should  not  have  a  greater  spacing  than  3  feet. 
The  thickness  of  concrete  slabs  required  to  carry  a  given  load  is  practically  a  constant  from  2  ft. 
to  4  ft.  or  5  ft.,  and  it  is  therefore  commonly  economical  to  use  a  larger  spacing  for  joists  or  stringers 
when  used  to  support  a  concrete  sub-floor  than  when  used  to  support  a  plank  floor.  The  outside 
beams  should  be  the  same  size  as  the  intermediate  beams.  It  is  commonly  specified  that  rolled 
beams  when  used  for  stringers  shall  have  a  depth  not  less  than  one-thirtieth  of  the  span. 

Standard  steel  beam  bridges,  as  designed  by  the  American  Bridge  Company,  are  shown  in 
Fig.  I  and  Fig.  2.  The  details  of  both  bridges  are  the  same  with  the  exception  of  the  fence. 
Angle  cross-braces  are  used  on  both  bridges.  The  beams  rest  directly  on  the  bridge  seat  of  the 
abutment  and  not  on  wall  channels  as  is  a  more  common  practice,  although  a  channel  is  some- 
times laid  on  the  bridge  seat  with  the  legs  turned  down  to  carry  the  beams.  The  gas  pipe  rail  in 
Fig.  I  is  much  cheaper  than  the  lattice  rail  in  Fig.  2. 

In  the  place  of  the  spiking  strips  on  the  tops  of  the  beams,  as  shown  in  Figs.  i«and  2,  spiking 
strips  are  sometimes  bolted  on  the  sides  of  the  channels  and  the  center  I  beam,  or  two  channels 
are  used  for  the  center  beam  with  the  spiking  strip  bolted  between  them.  The  floor  planks  are 
spiked  to  these  spiking  strips,  and  are  fastened  to  the  other  beams  by  clinching  spikes,  which 
have  been  driven  through  the  planks,  around  the  top  flanges  of  the  beams. 

The  maximum  span  for  beam  bridges  is  usually  given  as  40  feet.  A  better  limit  for  beam 
spans  is  32  feet.  Riveted  truss  bridges  should  be  used  for  spans  of  32  feet  and  upwards  for  country 
bridges,  and  plate  girders  for  heavy  city  bridges.  Riveted  bridges  for  spans  of,  say,  40  feet  are 
more  economical  than  beam  bridges  and  will  give  fully  as  great  a  length  of  service.  The  ends  of 
beam  bridges  should  always  be  supported  on  masonry  abutments. 

Details  of  a  standard  beam  bridge  with  a  concrete  floor  as  adopted  by  the  Wisconsin  High- 
way Commission  are  shown  in  Fig.  3.  The  beams  are  fastened  to  the  wall  plate  channels  by 
means  of  U-bolts.  Drains  through  the  floor  slab  at  the  gutter  are  provided  at  distances  of  10  ft. 
or  12  ft.  The  reinforced  concrete  slab  is  6  in.  thick  at  the  center  and  5  in.  thick  at  the  curbs, 
reinforced  transversely  with  }  in.  square  twisted  bars  spaced  6  in.  centers,  with  center  of  bars 
I  in.  from  bottom  of  slab,  and  the  longitudinal  bars  are  i  in.  square  twisted,  spaced  two  between 
adjacent  joists.  The  posts  of  the  rail  are  anchored  tb  the  concrete  slab  floor.  Channels  are 
used  for  the  outside  stringers  in  the  place  of  I-beams,  which  is  the  better  practice.  The  sizes 
of  I-beams  used  by  the  Wisconsin  Highway  Commission  for  different  spans  are  given  in  Table  I. 
These  beam  spans  are  designed  for  a  15-ton  road  roller,  not  considering  impact. 

Details  of  a  beam  bridge  with  concrete  floor  and  fence  as  designed  by  the  Iowa  Highway 
Commission  are  given  in  Fig.  4.  The  sizes  of  I-beams,  quantities  of  material  and  other  data  for 
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Phn  fff  Yearns, 


Half  end  i/Hem.  Haff  Cros^  Sectfon. 

Fig.  I.    Beam  Bridge.    American  Bridge  Company. 


■v/  -tf. — :t — T 


Roadway      - ^'f-9U 

Haif£nd\/i'ew,  Half  Cross  5ecf/off. 

Fig.  2.    Beam  Bridge.    American  Bridge  Company. 
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beam  spans  from  i6  ft.  to  32  ft.  are  given  in  the  cut.  It  will  be  noted  that  I-beams  are  used  for 
the  outside  stringers  in  this  design.  The  outside  stringers  are  wrapped  with  wire  mesh  and  are 
encased  in  concrete.  Weep  holes  2  in.  in  diameter  spaced  4  ft.  apart  are  provided  on  each  side 
of  the  bridge. 

Details  of  a  beam  bridge  with  concrete  floor  and  an  angle  rail,  as  designed  by  the  Iowa  High- 
way Commission  are  given  in  Fig.  5.    The  sizes  of  I-beams  and  channels  for  spans  of  16  ft.  to  32 
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Fig.  3.    Standard  Beam  Bridge.    Wisconsin  Highway  Commission, 


ft.  are  given  in  the  cut.  This  bridge  is  also  constructed  with  a  gas  pipe  fence  in  place  of  the  angle 
fence.  Estimated  quantities  of  steel  and  concrete  in  beam  spans  of  this  type  are  given  in  Table  II. 
The  depths  of  I-beams  for  different  spans  for  beam  spans  with  concrete  floors  designed  to 
carry  a  20-ton,  a  15-ton,  or  a  lo-ton  auto  truck  with  30  per  cent  impact  are  given  in  Table  III. 
The  minimum  weights  of  I-beams  are  to  be  used  in  each  case.  These  beam  spans  were  designed 
for  a  dead  load  of  100  lb.  per  sq.  ft.  in  addition  to  the  concentrated  live  loads.  The  outside  beams 
are  to  be  the  same  as  the  intermediate  beams.    The  thickness  of  the  slabs  for  the  different  loadings 
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TABLE  I. 


Steel  I-Bbam    Bridges.    Wisconsin  Highway  Commission. 
Channels  on  outside.     Weight  includes  railing. 


T- 

z6  Feet  Roadway. 

z8  Ft.  Roadway. 

90 

Ft.  Roadway.                  | 

No.  Beams 

and 
Cbannelft. 

Size 

I.Beams. 

In.  Lb. 

Wetght 
Structural 
Steel,  Lb. 

No.  Beams 

and 
Channels. 

Size 
I-Beams, 
In.  Lb. 

Weight 
Structural 
Steel.  Lb. 

No.  Beams 

and 
Channels. 

Size 

I-Beams, 

In.  Lb. 

Weight 
Structural 
Steel.  Lb, 

lO 
12 

\i 

i8 

20 
22 

It 

28 

30 
32 

It 

38 

8 
8 
8 
8 
8 

7 
8 
8 

7 
8 

8 
7 

I 

8 

8—18 
8—18 

9 — 21 
9—21 
10 — 2$ 

12— 3ii 
12 — 3ii 
12— 3i§ 
IS— 42 
IS— 42 

18— ss 
18— 55 
18— 55 
18— 55 

1,900 
2,200 
2,800 
3,185 
4,030 

4,810 
6,050 

6,435 

8,275 

10,045 

10,715 
12,050 
12.825 
15,530 
16,350 

9 
9 
9 
9 

9 

8 
9 
9 
8 

9 

I 

8 
9 
9 

8—18 
8—18 
9—21 

9—21 

10 — 25 

12— 31J 
12— 31 J 
12— 31 J 
15—42 
15—42 

15—42 

18—55 
18—55 
18-55 
18—55 

2,120 
2,450 
3,130 
3,560 
4,505 

5,600 
6,790 
7,350 
9,420 
11,275 

12,025 
13,930 
15,760 
17,570 
18,405 

10 
10 
10 
10 
10 

9 

'lO 

10 

9 
10 

10 

9 
9 
10 

JO 

8—18 
8—18 
9—21 

9—21 

10—25 

12 — 31 J 
12—31} 
12 — 31} 
15—42 
15—42 

IS-42 
18—55 
18—55 

18-55 
18—55 

2,335 
2,700 

3,465 
3,930 
5,000 

6,28s 

10,570 
12,510 

13,350 
15,750 
16,685 
19,615 
20,655 

Weil 
Cu. 

fht  in  lb.  of  reinforcii 
^''d.  concrete  oer  lines 

ig  per  linei 
il  foot. . . . 

il  foot 

xd-ft.  Rdwy. 

40 
0.32 

z8-ft.  Rdw> 
0.36 

.     ao-ft.  Rdwy. 

48 
0.40 

'^ 

TABLE  n. 
Estimated  Quantities  for  Standard  Beam  Spans.    Iowa  Highway  Commission. 


Sgjn. 

Structural  Steel. 

Reinforced  Concrete  Floor. 

Roadway. 

x6  Ft.  Roadway. 

x8  Ft.  Roadway. 

ao  Ft.  Roadway. 

x6Ft. 

x8Ft. 

aoFt. 

Concrete. 

SteeL 

Concrete. 

SteeL 

Concrete. 

Steel. 

16 

18 
.20 
22 

28 
30 
32 

lb. 

3,370 
4,280 
4,720 
6,340 

6,840 

7,330 

10,570 

11,240 

11,910 

lb. 

3,780 
4,810 
5,300 
7,130 

7,690 

8,240 

11,870 

12,620 

13,370 

lb. 

3,800 
4,820 
5,320 
7,150 

11,880 
12,640 
13,390 

CU.  yd. 

6.8 
7.4 

8.0 
8.6 

^'l 
9.8 

10.4 

lb. 
600 
670 

'^ 

870 

930 

1,000 

1,060 
1,130 

CU.  yd. 
6.3 
7.0 

9.0 

9.7 
10.4 

II.O 

11.7 

lb. 

680 
750 
830 
900 

980 
1,050 
1,120 
1,200 
1,270 

CU.  yd. 
7.0 

u 

9.2 
lO.O 

10.7 
11.5 

12.2 
13.0 

lb. 

740 

820 

900 

990 

1,070 
1,150 
1,230 
1,310 
1.390 

Sundard  angle  railing  for  wing  walls  as  shown  in  Fig.  12. 

Rails  Z8  2^'  X  2 J"  X  J"  X  5^-9".    Top  of  rail  3'-2"  above  grade.    Post  Zs  3"  X  3"  X  i" 

X  4-3". 

Weight  of  rails  and  posts  for  one  wing  «  90  lb. 
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are  given  in  Table  I  and  Table  II,  Chapter  X.  The  depths  of  I-beams  for  different  spans  for 
beam  spans  with  plank  floors  designed  to  carry  a  20-ton,  a  15-ton,  or  a  lo-ton  auto  truck  with  30 
per  cent  impact  are  given  in  Table  IV.     The  minimum  weights  of  I-beams  are  to  be  used  in  each 


yOnervte  Stfd 
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Fig.  4.    Standard  Beam  Bridge.    Iowa  Highway  Commission. 


case.  In  the  calculations  it  was  assumed  that  one  stringer  carried  that  fraction  of  the  concen- 
trated load  equal  to  the  fraction  found  by  dividing  the  stringer  spacing  by  6  feet  for  concrete 
fk)or5,  and  by  dividing  the  stringer  spacing  by  4  feet  for  plank  floors.  It  will  be  noted  that 
heavier  beams  are  required  for  short  spans  with  plank  floors  than  with  concrete  floors. 
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TABLE  III. 

Depth  in  Inches  of  I-Beams  for  Different  Spacings  and  Spans  Required  to  Carry  2o-ton, 

15-T0N  AND  lo-ToN  Auto  Trucks  and  30  per  cent  Impact.    Dead  load  100  lb. 

PER  SQ.  FT.    Minimum  Weights  of  I-Beams  are  Used. 


Concrete  Floor. 

Span.  Ft. 

9o-Ton  Aato  Truck. 

x5-Ton  Attto  Track. 

xo-Ton  Attto  Truck. 

Spacing.  Ft. 

Spacing.  Ft. 

Spacing.  Fl 

a 

3 

4 

a 

3 

4 

a 

3 

4 

10 

8 

10 

12 

7 

9 

10 

6 

8 

9 

12 

9 

10 

12 

8 

9 

10 

7 

8 

9 

\t 

10 

12 

IS 

9 

10 

12 

8 

9 

10 

10 

12 

IS 

9 

12 

12 

8 

10 

12 

18 

12 

IS 

IS 

10 

12 

IS 

9 

10 

12 

20 

12 

IS 

18 

10 

IS 

IS 

9 

12 

12 

22 

12 

IS 

18 

12 

IS 

IS 

10 

12 

IS 

H 

15 

IS 

18 

12 

.    IS 

18 

10 

12 

IS 

26 

IS 

18 

18 

IS 

IS 

18 

12 

15 

IS 

28 

15 

18 

20 

IS 

18 

18 

12 

IS 

18 

30 

IS 

18 

20 

IS 

18 

20 

12 

IS 

18 

The 

proportion  of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equal 

to  the 

spacing  oi 
Thee 

t  the  joists  divided  by  six  feet  when  reinforced  concit 

ite  floor  is 

used. 

mtside  beams  to  be  the  same  as  the  inteimediate  bean 

IS. 

TABLE  IV. 

Depth  in  Inches  of  I-Beams  for  Different  Spacings  and  Spans  Required  to  Carry  30- 
Ton,  I  5-Ton  and  io-Ton  Auto  Trucks  and  30  per  cent  Impact.    Minimum 
Weights*  of  I-Beams  are  Used. 


Plank  Floor. 

Span.  Ft. 

ao-Ton  Auto  Track. 

zS-Ton  Auto  Track. 

lo-Ton  Auto  Track. 

Spadnff.  Ft. 

Spacing.  Ft. 

Spacing.  Ft. 

li 

a 

H 

»* 

a 

•4 

»4 

a 

H 

10 

8 

9 

10 

7 

8 

9 

6 

7 

7 

12 

9 

10 

10 

8 

9 

9 

7 

7 

8 

\i 

9 

10 

12 

•8 

9 

10 

7 

8 

9 

10 

12 

12 

9 

10 

12 

8 

8 

9 

18 

10 

12 

IS 

9 

10 

12 

8 

9 

10 

20 

12 

12 

IS 

10 

12 

12 

9 

9 

10 

22 

12 

IS 

IS 

10 

12 

IS 

9 

10 

12 

24 

12 

IS 

IS 

12 

12 

IS 

9 

10 

12 

26 

IS 

IS 

18 

12 

IS 

IS 

10 

12 

12 

28 

IS 

15 

18 

12 

IS 

IS 

12 

12 

15 

30 

IS 

18 

18 

12 

IS 

18 

12 

12 

15 

The 

)roportion  of  the  concentrated  live  load  carried  by  0 

the  joists  divided  by  four  feet  when  timber  floor  is 

outside  beams  to  be  the  same  as  the  intermediate  bean 

ne  joist  shi 

sill  be  uken  equal  to  the 

spaong  0 
The( 

used. 

18. 
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Details  of  standard  beam  spans  designed  by  the  Michigan  State  Highway  Department  are 
given  in  Fig.  6.  The  reinforced  concrete  floor  has  a  bituminous  wearing  surface.  Data  and 
details  are  given  in  the  cut. 

The  details  of  a  beam  bridge  with  a  concrete  floor  has  designed  to  comply  with  the  author's 
specifications  are  given  in  Fig.  7. 

Leg  Bridges. — Beam  and  truss  bridges  are  sometimes  supported  on  steel  legs  in  the  place  of 
abutments.  A  steel  leg  beam  bridge  is  shown  in  Fig.  7,  Chapter  VIII.  The  legs  are  composed 
of  I-beams  supported  on  a  timber  or  a  steel  channel  mudsill.    The  backing  is  steel  plate,  or  plank* 


fiote^NumberofRaihnaPbsts 
y3rie5  with  length  of  5psn. 


if-e' 


\ 


\ 


li£S£ii± 


% 


I*V.\V.\\V.K\\\V'    'KV.WWW.V'V.V    W.WWV.V.WV-  i  '"gT:? 
<rifiinf#«i>iiJ[i<i^M<fcy<*rUhMJ|>hW<*fcyr/fi<«««y4i 


Fi7^mthcvncr9te?\ 


CencrHeStabSthkk'BottBml'iebtit^ofjoiSts 
Tr»i90r»  ■  ^  'i  "^bsrs-Ze  'C-  toe 

j^aril^:'^^  dU-i'%n'/titffcsitwthti^ 
LBnj^U^I:'i'%ar6st'exhfiairef/oi5t9' ' 


!^^™ 


H 


M'mephoks^'-d^ctoc' 


" ^  ^     HALrSccTwtiAJAmMErrr  half itij  ^^cnon 


A 


W-. 


Wmtffcwc/Bip 


>,•' 


^ 


,T3r psper- three  Isyera^ 


=4 


CItisr  I     JQish 


PLMIOFAndLE  RAJUnGCtfWmmiS 

wo 


SCCTfOn  UL9HConCRejt  FlOOH 


I8ftit^€^ft  roid^s.^dnfffrwjststS' 


note:-  This  design  to  be  used  only  with 
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Fig.  5.    Standard  Beam  Bridge.    Iowa  Highway  Commission. 

or  stone.  The  legs  should  be  designed  to  carry  the  thrust  of  the  filling  in  addition  to  the  live 
and  dead  load  on  one-half  of  the  span.  (For  methods  of  calculation  of  thrust  due  to  the  earth 
filling,  see  Chapter  XIX,  and  also  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators.") 
Truss  leg  bridges  should  be  built  with  stiff  lower  chords  designed  to  take  the  thrust  due  to  the 
filling.    Leg  bridges,  unless  very  carefully  designed  and  constructed,  are  not  to  be  recommended. 
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DESIGN  OF  A  BEAM  BRIDGE.  153 

Design  of  a  25  ft.  Span  I-Beam  Bridge  with  Concrete  Floor. 

1.  General  Description. — ^This  bridge  is  to  consist  of  a  concrete  slab  reinforced  on  the  lower 
side  only,  resting  on  I-beams  the  ends  of  which  bear  on  channel  wall  plates.  A  wearing  surface 
weighing  30  lb.  per  sq.  ft.  will  be  provided. 

2.  LOADS. — Dead  Load. — ^The  dead  load  consists  of  the  weight  of  the  reinforced  concrete 
slab  at  150  lb.  per  cu.  ft.,  the  weight  of  the  wearing  surface,  and  the  weight  of  the  beams. 

Live  Load. — ^This  bridge  will  be  designed  for  Class  Di  loading,  given  in  the  specifications, 
which  provides  for  a  20-ton  concentrated  load  on  two  axles,  12  feet  apart  with  wheels  spaced  6 
feet  on  the  axles,  or  a  uniform  live  load  of  125  lb.  per  sq.  ft.  of  roadway. 

ImiMict. — ^An  allowance  of  30  per  cent  of  the  live  load  will  be  made  for  impact  on  the  slab 
and  beams. 

3.  Dimensions. — ^Span,  25  ft.  o  in.  c.  to  c.  of  end  supports.  Width  of  roadway,  16  ft.  o  in. 
Spacing  of  beams,  7  spaces  at  2  ft.  3  in. 

4.  Design  of  Slab. — ^The  concentrated  load  of  20  tons  will  determine  the  slab.  The  width  of 
the  rear  wheels  is  c  »  20  in.  or  1.67  ft.  In  determining  the  bending  moment  the  effective  width 
of  the  slab  is  assumed  to  be 

«  =  §(/  +  c)  =  1(2.25  +  1.67)  -  2.62  ft. 

where  t  »  effective  width  of  distribution  of  load  in  feet,  /  »  spacing  of  beam  in  feet.    The  wheel 
load  per  foot  width  of  slab  considering  30  per  cent  impact  is, 

P  =  1.30  X  14,000  -5-  2.62  -  7,000  lb. 

The  slab  will  be  reinforced  on  the  under  side  only  so  must  be  considered  as  simply  supported. 
The  bending  moment,  per  foot  width  of  slab,  due  to  the  wheel  load  and  including  impact  is 

-4^L  -  i  X  7,000  X  §  X  2.25  -  §  X  7,000  X  §  X  0.83  =  2,485  ft.-lb. 

Assuming  a  6  in.  slab  and  a  wearing  surface  of  30  lb.  per  sq.  ft.  the  dead  load  bending  moment 
per  foot  of  width  is 

Mj^  -  \w'P  -  i(75  +  30)  X  2.25*  =  67  ft.-lb. 

The  total  bending  moment  in  the  slab  per  foot  of  width  is 

M  -  2,485  H-  67  -  2,552  ft.-lb.  =  30,630  in.-lb. 

For  the  unit  stresses  650  lb.  per  sq.  in.  in  concrete  and  16,000  lb.  per  sq.  in.  in  steel,  required  depth 
to  the  center  of  the  steel  is  (see  Chapter  XVIII). 


'-aS-^'a^-'"' 


where  M  »  bending  moment  in  inch-pounds. 

<2  ai  depth  from  compressive  face  to  center  of  steel  in  inches. 

h  ■■  width  in  inches  over  which  M  is  distributed. 
A  sbb  with  a  total  thickness  of  6  in.  and  a  depth  to  the  center  of  the  steel  of  d  >-  5.0  in.  will  be 
used.    From  Table  I,  Chapter  X,  by  interpolation  the  slab  should  be  5}  in.,  which  checks  the 
calculations.     The  area  of  steel  per  foot  of  width  required  to  develop  this  slab  is 

A  -  0.00776'^  -  0.0077  X  12  X  5.0  -  0.46  sq.  in. 

for  the  unit  stresses  given  in  the  specifications. 

Bars  \  in.  square  and  spaced  6  in.  c.  to  c.  will  be  used  in  the  direction  perpendicular  to  the 
beams.    This  provides  an  area  of  0.50  sq.  in.  per  foot  of  width.    Two  bars  }  in.  square  will  be 
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used  between  adjacent  beams  in  a  direction  parallel  to  the  beam  to  provide  for  temperature 
changes  and  to  assist  in  the  distribution  of  the  loads. 

In  calculating  the  shear  in  the  slab  the  wheel-  load  will  be  considered  as  distributed  over  a 
distance  of  3  ft.  parallel  to  the  joists.    The  shear  per  foot  of  width  is  then 

^  .  I,302LIMOO  X  H!  + '-^^4^  -  3.950  lb. 
The  maximum  unit  shear  is 

^•-6:Fi-'-»5i?3-»-^5irfiro-761b.per«l.ia. 

The  shear  is  punching  shear  and  it  is  not  necessary  to  calculate  the  bond  stress. 

5.  DBSIGN  OF  BEAMS.— The  beams  will  be  spaced  2  ft.  3  in.  as  given  in  §  3  and  §  4, 
and  the  beam  at  the  edges  of  the  roadway  will  be  the  same  size  as  the  intermediate  beams. 

The  portion  of  the  wheel  load  carried  by  one  joist  is  equal  to  the  spacing  of  joist  in  feet 
divided  by  six  feet,  or  2.25  -*•  6  —  0.375. 

The  load  carried  by  one  beam  under  the  rear  wheels,  and  including  30  per  cent  impact  is 

P  =  0.375  X  1.30  X  14,000  =  6,830  lb. 
and  under  the  front  wheels 

P'  =  0.375  X  1.30  X  6,000  =  2,925  lb. 

The  position  of  the  wheels  on  the  beam  for  maximum  moment  is  shown  in  Fig.  7,  the  center 
of  gravity  of  the  two  wheels  being  as  far  from  one  end  of  the  beam  as  the  large  wheel  is  from 
the  other. 

^  -  FTP  "  2T925  +  6,830  -  3.60  ft. 

^.^^=.?5^  =  ,o.7ft. 
^  ^  iljtm\  9,755X10.7'  .  ^^,^5  f,..ii,.  „  53,^,^  i,  .,b^ 

The  bending  moment  due  to  the  uniform  live  load  of  125  lb.  per  sq.  ft.  of  roadway  and  including 
30  per  cent  impact  is 

AfL  =  i  X  1.30  X  (125  X  2.25)  X  25«  =  28,660  ft.-lb. 

which  is  less  than  that  due  to  the  concentrated  load  so  need  not  be  considered. 
The  bending  moment  due  to  the  weight  of  the  slab  and  wearing  surface  is 

Md  -  iw'P  =  i(i05  X  2.25)  X  25*  -  18,450  ft.-lb.  =  221,400  in.-lb. 

The  bending  moment  due  to  the  weight  of  the  beam,  which  is  assumed  to  weigh  42  lb.  per  ft.,  is 

Mjy'  =  «;-/»/8  =  t  X  42  X  25*  =  3,290  ft.-lb.  «  39,400  in.-lb. 

The  total  bending  moment  in  the  beam  is 

(^)  (b)  (0) 

Fig.  7. 
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^  =  536,100  +  221,400  +  39.400  »  796,900  in.4b. 
The  required  section  modulus  is 

/        16,000       ^^ 

A  15  in.  I  @  42  lb.  provides  a  section  modulus  of  58.9  in.'  and  will  be  used.  The  ratio  of 
depth  to  span  is  15  -$-  (25  X  12)  »  1/20.     Specifications  permit  a  ratio  of  1/30. 

The  maximum  shear  due  to  the  20  ton  concentrated  load  occurs  when  the  wheels  are  located 
as  shown  in  (c)  Fig.  7  and  is 

Vl  -  6,830  4-  ^'^^\^  '^  =  8,350  lb. 

The  maximum  shear  due  to  the  uniform  load  of  125  lb.  per  sq.  ft.  of  roadway  and  including 
impact  is 

Vl  »  kw'l  =  i(i.30  X  125  X  2.25)25  =  4,580  lb. 

which  is  less  than  that  due  to  the  concentrated  load  so  need  not  be  considered. 
The  shear  due  to  dead  load  is 

Vl  -  \vo4  =  i(i05  X  2.25  +  42)25  -  3480  lb. 

The  total  shear  on  a  beam  is  then 

V  =  8,350  +  3.480  =  11,830  lb. 

The  area  of  the  web  of  a  15  in.  I  ®  42  lb.  is  15  X  0.41  »  6.15  sq.  in.,  and  the  actual  unit 
shear  on  the  gross  area  of  the  web  is 

11,830  -5-  6.15  =  1,940  lb.  per  sq.  in. 
The  allowable  shear  is  10,000  lb.  per  sq.  in. 

6.  Detail  Drawings. — ^The  detail  drawings  of  this  bridge  are  shown  in  Fig.  8. 
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CHAPTER  XII. 
Design  of  Plate  Girder  Highway  Bridges. 

Introductioii. — ^A  plate  girder  consists  of  a  vertical  steel  or  iron  web  plate  to  whose  top  and 
bottom  edges  are  riveted  horizontal  pairs  of  angles  to  form  flanges,  and  to  whose  ends  are  attached 
vertical  angles  which  transmit  the  load  to  the  supports.  Where  the  web  plate  is  thin  as  compared 
with  its  depth,  stiffener  angles  are  riveted  on  opposite  sides  of  the  web,  usually  in  pairs,  at  intervals 
not  greater  than  the  depth  of  the  girder,  or  five  feet.  Where  the  span  is  long,  two  or  more  plates 
are  spliced  together  to  form  the  web  plates  and  horizontal  plates  are  riveted  to  the  flange  angles 
to  increase  the  flange  area. 


f-^tt^-i 


Fig.  I.    Railway  Deck  Plate  Girder  Bridge. 


A  plate  girder  bridge  consists  of  two  or  more,  usually  two,  plate  girders  fastened  together  by 
lateral  bracing,  and  in  the  case  of  deck  bridges  by  transverse  bracing  consisting  of  two  or  more 
cross-frames.  In  the  railway  deck  plate  girder  bridge.  Fig.  i,  the  roadway  is  carried  directly  on 
the  tops  of  the  girders.  In  a  through  plate  girder  bridge  the  roadway  is  carried  on  a  floor  system 
supported  near  the  bottoms  of  the  plate  girders.     A  through  plate  girder  railroad  bridge  is  shown 
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in  Fig.  2,  while  a  through  plate  girder  highway  bridge  is  shown  in  Fig.  3.  As  a  through  plate 
girder  bridge  can  have  only  a  lower  lateral  system,  the  upper  flanges  are  braced  by  side  braces 
with  gusset  plate  connections. 


Fig.  2.    Railway  Through  Plate  Girder  Bridge. 

Short  spans  up  to  70  or  80  feet  have  one  end  fixed  while  the  other  end  is  allowed  to  move  on 
a  sliding  plate.     For  greater  lengths  of  span  the  expansion  end  is  supported  on  nests  of  rollers. 

The  ordinary  limit  of  plate  girder  spans  is  about  100  feet,  although  railroad  plate  girders 
having  a  span  of  126  feet  have  been  built.  Plate  girders  of  more  than  100  feet  span  have  a  depth 
that  makes  transportation  by  rail  very  difficult. 

Thickness  of  Web. — ^Standard  specifications  limit  the  minimum  thickness  of  the  web  plates 
to  f  inch  for  railroad  bridges  and  A  inch  for  highway  bridges.  For  heavy  loads  and  long  spans 
the  web  plates  are  made  much  thicker  than  the  minimum  thickness.  Thin  webs  require  more 
stifTeners  and  give  a  much  shorter  life  to  the  bridge. 

Flanges. — ^The  simplest  form  of  a  flange  consists  of  a  pair  of  unequal-legged  angles  with 
the  long  legs  placed  out  and  riveted  to  the  web  plate.  When  additional  rivets  are  required  in  the 
connection  of  the  flanges  to  the  web  plate,  equal-legged  angles  with  two  rows  of  rivets  are  used. 
When  additional  area  is  required,  one  or  more  cover  plates  are  usually  riveted  to  the  horizontal 
legs  of  the  angles.  The  thickness  of  the  flanges  should  be  limited  so  that  the  rivets  will  not 
be  longer  than  five  times  the  diameter  of  the  rivet.  Flange  angles  should  never  be  thinner  than 
the  web  plates  to  which  they  are  fastened.  Where  more  than  one  plate  is  used,  one  plate  should 
extend  the  full  length  of  the  girder,  the  others  being  continued  a  short  distance  (not  less  than 
one  foot)  beyond  the  point  where  the  area  is  required.  For  steam  or  electric  railway  plate  girder 
bridges  the  rivet  heads  and  the  variation  in  the  thickness  of  the  flange  plates  makes  it  necessary 
to  notch  the  cross-ties  unequally,  so  that  other  forms  of  flange  are  sometimes  used  for  the  upper 
flanges  of  long  girders.  It  is  quite  the  common  practice  to  design  the  tension,  or  bottom,  flange 
to  take  the  stresses  and  then  make  the  compression,  or  upper,  flange  with  the  same  gross 
area. 
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Fig.  3.    Highway  Through  Plate  Girder  Bridge  with  Solid  Floor. 

Company.) 


(American  Bridge 


Momeiits  and  Shears. — ^The  moments  and  the  shears  in  through  plate  girder  bridges,  as  in 
Fig.  2  and  Fig.  3,  are  found  in  the  panels  in  the  same  manner  as  for  a  truss.  In  a  deck  bridge 
the  monients  and  the  shears  are  calculated  in  a  similar  manner,  at  intervals.  The  load  on  the 
girder  produces  shearing  stresses  in  the  girder,  which  in  turn  develop  tensile  and  compressive 
stresses.  In  a  solid  rolled  beam  the  entire  section  carries  both  shear  and  bending  moment.  In 
plate  girders  it  is  usual  to  assume  that  all  the  shear  is  carried  by  the  web  and  that  all  the  bending 
moment  is  taken  by  the  flanges. 

Nomenclature. — The  following  nomenclature  will  be  used. 

M    s  resisting  moment  of  section. 

V    =B  vertical  shear  at  section. 

/     »  allowable  unit  fiber  stress. 

/     =  moment  of  inertia  of  gross  section. 

/'    »  moment  of  inertia  of  net  section. 

/•    «  moment  of  inertia  of  gross  section  of  web  plate. 

/•'  *■  moment  of  inertia  of  net  section  of  web  plate. 

^F  e  gross  area  of  one  flange. 
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Aj?  ^  net  area  of  tension  flange. 

i4«   B  gross  area  of  web. 

h      *s  distance  between  centers  of  gravity  of  flanges. 

V     ^  distance  between  gage  lines  of  rivets  in  tension  and  compresBion  flanges. 

d      a"  distance  back  to  back  of  angles  in  flanges. 

c      B  distance  from  neutral  axis  to  extreme  fiber. 

p      B  pitch  of  rivets  in  flanges. 

r       =  allowable  resistance  of  one  rivet. 

w     =  concentrated  load  per  unit  length  of  rail  ^  P/l  where  P  »  concentrated  load  and 

/  ^  distance  over  which  the  load,  P,  is  considered  as  distributed. 
2n    —  number  of  rivets  on  one  side  of  web  splice. 

Resisting  Moment, — ^There  are  four  methods  now  in  use  for  determining  the  resbting  moment 
of  a  plate  girder  section. 

(i)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges, 

M'Ar'f'h  (I) 

(2)  Assuming  that  one-eighth  the  gross  area  of  the  web  is  available  as  flange  area. 
Then  the  total  resisting  moment  of  the  girder  is 

M'-Arfh+f't'hye  (2) 

^  Ai^'f^h  +  A^'f'hl6  (3) 

^(AF-{-A^I6)f-h  (4) 

This  shows  that  approximately  one-sixth  of  the  web  is  available  as  flange  area.  On  account 
of  the  reduction  of  the  area  due  to  rivet  holes,  one-eighth  of  the  area  of  the  web  is  commonly 
taken  as  available  as  flange  area  wherever  this  method  is  used. 

M^(Ay'  +  kA^)'f'h  (5) 

(3)  By  moment  of  inertia  of  net  section, 

M^LL  (6) 

(4)  By  moment  of  inertia  of  gross  section  (used  by  American  Bridge  Co.  for  plate  girders 
for  buildings), 

M.f:!  (7) 

Rivets  in  Flanges  Which  do  not  Carry  Concentrated  Loads, 

(i)  Assuming  that  all  bending  moment  is  carried  by  flanges. 

The  loads  produce  shearing  stresses  in  the  web,  which  are  transferred  to  the  flanges  by  means 
of  rivets  in  the  flanges.  In  (c)  Fig.  4  let  ^  be  the  pitch  of  the  flange  rivets,  V  be  the  vertical 
shear  at  section,  h'  be  the  distance  between  lines  of  rivets  in  compression  and  tension  flange,  and 
r  be  the  allowable  resistance  of  a  rivet;  then  taking  moments  about  the  lower  right  hand  rivet, 

V'P  =  r-h' 

(2)  Assuming  that  one-eighth  the  gross  area  of  web  is  available  as  flange  area, 

A  .  ^J^  +  M.  V  '■•*'  (0) 

p — sp^x-r  w) 

(3)  By  moment  of  inertia  of  net  section, 
and 
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(4)  By  moment  of  inertia  of  groM  section, 

2r./ 


V'AF'h 


Rivets  in  Flanges  Carrying  Concentrated  Loads. 

(i)  Aasuming  that  all  the  bending  moment  is  carried  by  the  flanges, 

r 
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(II) 


(12) 


Fig.  4.    Wbb  Sflicb  for  Plate  Girder. 


Fig.  5.    Wbb  Splice  for  Plate  Girder. 


(2)  Assuming  that  one-eighth  the  gross  area  of  the  web  is  available  as  flange  area, 

r 


V'^  +  (37TiT7Ty 


(3)  By  moment  of  inertia  of  net  section. 


(4)  By  moment  of  inertia  of  gross  section, 

P- 


^F^W)' 


(13) 


(14) 


(15) 


Rivets  Connecting  Cover  Plates  to  Flange  Angles. 

(i)  and  (2).    Assuming  that  all  the  bending  moment  is  carried  by  the  flanges,  or  that  one- 
dghth  the  gross  area  of  the  web  is  available  as  flange  area, 

in'r'd'Ar 


^  V'A/ 

where  n  •■  number  of  rivets  on  one  transverse  line. 

r  »  value  of  one  rivet  in  single  shear  or  bearing. 
d  »  distance  back  to  back  of  angles. 
At'  «  total  net  area  of  cover  plates  in  one  flange. 
(3)  By  moment  of  inertia  of  net  section, 

2n'r'r 

^  "  V'Ac''he 

wbere  At'  <-  total  net  area  of  cover  plates  in  one  flange. 
12 


(16) 


(17) 
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he  —  distance  between  centroids  of  all  cover  plates  in  tension  flange  and  all  cover  plates 
in  compression  flange. 
(4)  By  moment  of  inertia  of  gross  section, 

2n-J-r  ,  „. 

where  Ae  ^  total  gross  area  of  cover  plates  in  one  flange. 

ke  =  distance  between  centroids  of  all  cover  plates  in  tension  flange  and  all  cover  plates 
in  compression  flange. 

Web  Splice, — ^An  ordinary  web  splice  is  shown  in  Fig.  4.  Where  splice  plates  are  designed 
to  carry  part  of  the  moment  as  well  as  the  shear  the  splice  shown  in  Fig.  5  is  sometimes  used. 
Plates  AB  and  A^B'  are  assumed  to  transfer  that  part  of  the  moment  carried  by  the  web,  and 
plate  CD  to  transfer  the  shear.  Two  lines  of  rivets  should  be  used  in  each  section  of  the  web 
spliced.  The  number  and  spacing  of  rivets  in  a  web  splice  can  be  determined  only  by  trial, 
except  when  the  first  method  for  proportioning  the  section  is  used.  The  rivet  most  remote  from 
the  neutral  axis  is  the  most  severely  stressed. 

(i)  Assuming  that  all  the  bending  moment  is  carried  by  the  flanges, 

V  V 

'' "  iS  •        ^^        2n  =  -  (19) 

(2)  Assuming  that  one-eighth  the  area  of  web  is  available  as  flange  area.  The  stress  in  the 
outermost  rivet  is  given  by  the  formula,  where  M'  is  moment  carried  by  web. 


(3)  By  moment  of  inertia  of  net  section.  The  stress  in  the  outermost  rivet  is  given  by  the 
formula  

(4)  By  moment  of  inertia  of  gross  section.  The  stress  in  the  outermost  rivet  is  given  by  the 
formula 

Flange  Splice. — Flanges  should  never  be  spliced  unless  it  is  impossible  to  get  material  of 
the  required  length.  Flange  splices  should  always  be  located  at  points  ^where  there  is  an  excess 
of  flange  section,  no  two  parts  of  the  flange  should  be  spliced  within  two  feet  of  each  other.  Rivets 
in  splice  plates  and  angles  should  be  located  as  close  together  as  possible  in  order  that  the  transfer 
may  take  place  in  a  short  distance.  No  allowance  should  be  made  for  abutting  edges  of  spliced 
members  of  the  compression  flange. 

Flange  angles  should  be  spliced  with  a  splice  angle  of  equal  section  riveted  to  both  legs  of 
the  angle  spliced.  Where  this  is  impossible  the  largest  possible  splice  angle  should  be  used  and  the 
difference  made  up  by  a  plate  riveted  to  the  vertical  leg  of  the  opposite  angle.  The  number  of 
rivets  required  in  the  splice  angle  on  each  side  of  the  joint  in  the  angle  is  given  by  the  formula 

»  =•'—  .      (23) 

where  /  —  the  allowable  unit  stress  in  the  flange,  A  =  area  of  spliced  angle,  and  r  =  the  allowable 
stress  on  one  rivet.  Rivets  which  are  already  considered  as  transferring  the  shear  may  be  con- 
sidered as  splice  rivets  if  they  are  included  in  the  splice  angle. 

Cover  plates  should  be  spliced  with  a  splice  plate  of  equal  section.    The  number  of  rivets 
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required  in  the  splice  plate  on  each  side  of  the  joint  is  determined  by  the  above  formula  if  the  plates 
are  in  direct  contact  in  the  same  way  as  for  splice  angles.  Where  one  or  more  piktea  intervene 
between  the  splice  plate  and  cover  plate  which  it  splices,  rivets  should  be  used  on  each  side  of  the 
joint  in  excess  of  the  number  required  in  case  of  direct  contact,  to  an  extent  of  one-third  that 
number  for  each  intervening  plate. 

The  above  methods  for  flange  splicing  apply  only  when  methods  (i)  and  (2)  of  proportioning 
sections  are  used,  but  may  be  used  with  sufficient  accuracy  when  methods  (3)  and  (4)  are  used. 
Strictly  speaking  for  methods  (3)  and  (4)  splice  angles  and  plates  should  have  moments  of  inertia  ^ 
about  the  neutral  axis,  equal  to  the  moments  of  inertia  of  the  members  they  splice,  about  the  ' 
neutral  axis.    An  exact  analysis  for  the  number  of  rivets  required  in  splices  would  give  a  less 
number  than  obtained  from  above  formula. 
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Fig.  6.    Shears  and  Moments  in  a  Railway  Plate  Girder. 

Design  of  Web  Stiffeners. — Web  stiffeners  are  used  to  prevent  the  buckling  of  the  web  plate, 
and  are  usually  spaced  somewhat  less  than  the  depth  of  the  girder.  There  is  no  rational -method 
for  the  design  of  stiffener  angles.  Tests  show  that  the  stifFener  acts  as  a  beam  to  prevent  buckling 
of  the  web  and  is  not  appreciably  stressed  in  the  direction  of  its  length,  except  where  it  is  used 
at  points  of  concentrated  loading.  A  common  specification  is  that  "The  distance  between 
stiffeners  shall  not  exceed  that  given  by  the  following  formula  (and  not  greater  than  the  clear 
depth  of  the  web);  d  «  /(i2,ooo  —  s)l^  where  d  =  clear  distance  between  stiffeners  of  flange 
angles,  t  -  thickness  of  web,  s  =  shear  lb.  per  sq.  in.     Where  stiffeners  are  required  they  shall 
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be  designed  as  columns  with  an  allowable  unit  stress  of  P  «  16,000  —  ^6l|r^  where  /  ■>  the  one- 
half  the  depth  of  girder  and  r  ■>  the  radius  of  gyration  of  the  stiffener  angles  at  right  angles 
to  the  web  plate,  both  in  inches."  "Stiffeners  shall  be  provided  at  ends  and  at  all  points  of 
concentrated  loading,  and  shall  contain  enough  rivets  to  transfer  the  vertical  shear  to  the  web 
plate." 

Camber. — Plate  girders  are  cambered  by  separating  the  web  plates  by  the  required  amount, 
in  the  upper  part  of  the  web  splice.  Plate  girders  in  which  a  single  web  plate  is  used  without  a 
splice  cannot  be  cambered.    Many  engineers  do  not  camber  plate  girders. 
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Fig.  7.    Plate  Girder  Highway  Bridge.     Wisconsin  Highway  Commission. 


Economical  Depth. — Plate  girders  are  commonly  made  with  a  depth  of  from  i  to  A  of  the 
span.  An  approximate  empirical  rule  for  the  depth  is  to  make  the  area  of  the  two  flanges  equal 
to  the  area  of  the  web  plate. 

Example  of  Calculation. — ^The  maximum  shears  and  moments  in  an  86-foot  span  deck  plate 
girder  railway  bridge  are  shown  in  Fig.  6.  The  shear  at  any  point  may  be  found  by  scaling  from 
the  shear  curve  to  the  horizontal  base  line,  while  the  moments  may  be  obtained  by  scaling  from 
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the  moment  curve  to  the  base  line.  The  composition  of  the  flanges  and  the  length  of  the  plates 
are  shown.  The  maximum  shears  and  bending  moments  were  calculated  at  intervals  of  about  7 
feet,  and  the  curves  were  drawn  through  these  points. 

Details  ci  Plate  Girders. — ^The  general  plans  for  an  80-foot  through  plate  girder  highway 
bridge  are  shown  in  Fig.  3.  The  roadway  is  20  feet  in  the  clear,  with  two  6i-ft.  sidewalks.  The 
floor  of  the  roadway  consists  of  a  6-in.  reinforced  concrete  slab  carried  on  12-inch  1  beam  joists, 
covered  with  a  wearing  surface  of  paving  brick. 

Detaib  of  a  steel  through  plate  girder  highway  bridge  as  designed  by  the  Wisconsin  Highway 
Commission  are  shown  in  Fig.  7.  Standard  plans  have  been  prepared  for  spans  from  35  ft.  to 
80  ft.,  varying  by  5  ft.  intervals,  and  for  16  ft.,  18  ft.  and  20  ft.  roadway.  Data  for  plate  girder 
highway  bridges  designed  by  the  Wisconsin  Highway  Commission  are  given  in  Table  I. 


Floor  Plan  and  Elevation. 


Fig.  8.    Details  of  109-FT.  Plate  Girder  Highway  Bridge. 
(Engineering  Record,  May  21,  1910.) 


Details  of  a  109-ft.  span  through  plate  girder  highway  bridge  built  over  the  D.  L.  &  W.  R.  R. 
tracks  in  Jersey  City,  N.  J.,  are  given  in  Fig.  8  and  Fig.  9.  The  girders  were  designed  for  a  live 
load  of  108  lb.  per  sq.  ft.  on  roadway  and  sidewalk;  while  the  roadway  floor  was  designed  for  a 
live  load  of  100  lb.  per  sq.  ft.  and  two  12,000  lb.  axle  loads  spaced  10  ft.  apart  with  an  allowance 
of  25  per  cent  for  impact.  The  expansion  end  is  carried  on  4  in.  rollers.  The  concrete  has  a 
rainimum  thickness  of  4  in.  and  is  covered  with  li  in.  of  binder  and  2  in.  of  asphalt.  Each  main 
girder  weighed  112,000  lb.;  and  the  total  weight  of  steel  in  the  bridge  was  about  403,000  lb. 

The  detailed  shop  plans  of  a  65-ft.  deck  plate  girder  electric  railway  bridge  are  shown  in 
Fig.  10.  This  girder  span  was  designed  according  to  Cooper's  190 1  Specifications  for  Ei  loading. 
The  ties  were  carried  directly  on  the  top  flanges  of  the  girders.  These  details  represent  good 
practice  in  light  plate  girder  construction.  It  will  be  noted  that  the  stiff ener  angles  are  crimped 
to  go  over  the  flange  angles  except  where  two  hitch  stiffener  angles  are  used  for  cross-frame  con- 
nectkms,  in  whidi  case  fillers  are  used.    The  ties  were  fastened  to  the  upper  flange  angles  by 
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TABLE  I. 
Steel  Plate  Girder  Highway  Spans 
Wisconsin  Highway  Commission. 


'r 


x6  Ft.  Roadway. 


Web.  In. 


Weight  of  Steel. 
Lb. 


z8  Ft.  Roadway. 


Web.  In. 


Weight  of  Steel. 
Lb. 


ao  Ft.  Roadway. 


Web.  In. 


Weight  of  Steel. 
Lb. 


35 
40 
45 
SO 

65 
70 
75 
80 


15,430 
17,160 
19,680 
21,530 
24,270 
27,300 
30,910 
36,300 
40,580 
44,770 


60X 
60X 

60  X 
60  X 
60  X 
60  X 
66  X 
66X 
72  X 
78  X 


I 

t 


16,150 
18,110 
20,940 
23,400 
26,800 
30,310 
33,390 
39,680 
43,960 
48,360 


18,480 
21,200 
23,760 
27,360 
30,790 
35,270 
38,840 
45,960 
50,510 
56,260 


Concrete,  per  lineal  foot 
Reinforcing  Steel,  per  lineal  foot 


16  ft.  Roadway. 
0.29  cu.  yd. 
35  lb. 


18  ft.  Roadway. 
0.325  cu.  yd. 
38  1b. 


20  ft.  Roadway. 

0.358  cu.  yd. 

45  lb. 


means  of  hook  bolts  in  every  third  tie,  while  the  6X8  inch  guards  were  bolted  to  the  ties.  The 
upper  and  lower  laterals  are  of  the  Warren  type  and  are  made  of  single  angles.  Four  intermediate 
and  two  end  cross-frames  are  used.  This  bridge  was  designed  by  the  author  and  was  fabricated 
by  the  American  Bridge  Company. 

Design  of  a  50-FT.  Span  Through  Plate  Girder  Bridge. 

1.  General  Description  of  Bridge. — This  is  to  be  a  50  ft.  through  plate  girder  bridge  with 
an  18  ft.  roadway.  The  floor  is  to  consist  of  a  reinforced  concrete  floor  slab  resting  directly  on 
closely  spaced  floorbeams,  no  stringers  being  used.  A  wearing  surface  weighing  30  lb.  per  sq.  ft. 
of  roadway  is  used.  The  bridge  will  be  designed  to  comply  with  the  General  Specifications  for 
Steel  Highway  Bridges  given  in  Appendix  I,  to  which  reference  will  be  made. 

2.  LOADS.  Dead  Load. — ^The  dead  load  consists  of  the  weight  of  the  girders,  floorbeams, 
floor  slab,  and  wearing  surface.     Reinforced  concrete  is  assumed  to  weigh  150  lb.  per  cu.  ft. 

Live  Load. — ^This  bridge  will  be  designed  for  Class  Dt  loading  which  provides  for  a  15- 
toa  concentrated  load  or  a  uniform  load  of  100  lb.  per  sq.  ft.  of  roadway  for  the  floor  and  its  sup- 
ports. The  live  load  for  the  girders  is  given  in  Table  I  of  the  specifications  as  90  lb.  per  sq.  ft. 
of  roadway  for  a  span  of  50  feet. 

Impact. — ^The  specifications  provide  for  an  allowance  for  impact  of  30  per  cent  of  the  live 
bad  for  the  floor  and  its  supports  and  of 

ioo/(L  -h  300)  =  100/349  =  28.7  per  cent 
for  the  girders  assuming  distance  center  to  center  of  bearings  as  49  ft. 

Wind  Load. — ^The  wind  load  will  have  no  appreciable  effect  on  a  plate  girder  span  of  this  type. 
The  lateral  bracing  is  omitted  on  account  of  the  rigidity  of  the  concrete  floor. 

3.  General  Dimensions. — ^Span  50'  o"  out  to  out  or  about  49'  o''  center  to  center  of  end 
bearings. 

Wdth  of  roadway,  18'  o". 

Spacing  of  girders,  1 8'  10"  about,  center  to  center. 

Depth  of  girder  (  §53)  must  be  at  least  A  X  50  X  12  -  50  in.  A  depth  of  54!  in.  back  to 
back  of  flange  angles  will  be  used. 

Rivets  i  in.  in  diameter  will  be  used  throughout  the  bridge. 
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4.  Detailed  Dimensions. — Gusset  plates  will  be  used  to  provide  lateral  support  for  the 
girders  (§  6).  These  plates  must  come  at  the  floorbeama  and  should  be  omnected  to  the  stifFeners 
if  stiffeners  are  used  so  that  additional  connections  will  not  have  to  be  provided.  If  the  thickness 
of  the  web  plate  is  less  than  A  of  its  unsupported  width,  or  liV  X  about  50  ■>  0.83  in.  8ti£Feners 
must  be  used  (i  50).  The  thickness  of  the  web  plate,  if  stiffeners  are  used  can  be  as  small  as 
50  H-  160  »  A  in.  This  is  the  minimum  thickness  which  should  be  used  for  highway  bridges 
and  will  be  adopted  for  this  short  span,  so  stiffeners  will  be  required.  The  spacing  of  stiffeners 
should  not  exceed  the  clear  depth  of  the  web  or  about  50  in.  (§51).  If  stiffeners  are  placed  at 
every  floorbeam  the  spacing  of  floorbeams  would  be  50  inches  or  less,  and  at  alternate  floorbeams 
25  inches  or  less.  Calculation  should  be  made  to  determine  the  most  economical  arrangement. 
A  spacing  of  4  feet  with  stiffeners  at  every  floorbeam  was  found  to  be  the  most  economical  for 
this  case.    Gusset  plates  will  be  placed  at  alternate  floorbeams  or  8'  o"  apart. 

5.  DESIGN  OF  SLAB.— The  concentrated  load  of  15  tons  will  determine  the  slab.  In 
calculating  the  bending  moment  in  the  slab  a  wheel  load  will  be  considered  as  distributed  on  a 
line  parallel  to  the  floorbeam  and  having  a  length  as  given  by  the  formula  (38),  Chapter  IX. 

«  -  2//3  +  c 
with  a  maximum  of  6  ft. 

where  e  »  effective  width  of  distribution  of  load  in  feet« 
/  "B  spacing  of  floorbeams  in  feet, 
c  —  width  of  wheel  in  feet  —  15  in.  or  1.25  ft. 
For  /  ""  4.0  ft.,  e  s  }  X  4  +  1.25  "  3.92  ft.    The  wheel  load  per  foot  of  width  of  slab,  including 
30  per  cent  impact  is 

P  -  1.30  X  10,000  +  3.92  -  3,320  lb. 

The  slab  will  be  reinforced  on  both  sides  so  the  intermediate  spans  may  be  considered  as  con- 
tinuous and  the  end  spans  as  partially  continuous.  Since  it  is  undesirable  to  change  the  thickness 
of  the  slab  for  the  intermediate  panels  all  slabs  will  be  made  of  the  dimensions  required  for  the 
end  spans.  Considering  the  slab  to  be  simply  supported,  the  bending  moment  due  to  live  load 
and  impact  is 

Ml  -  iP'i  -  i  X  3.320  X  4.0  -  3»320  ft.-lb.  per  ft.  width. 

For  a  partially  continuous  slab  the  negative  bending  moment  at  the  support  and  the  maximum 
positive  moment  are 

^L  ~  t  X  3,320  «  2,650  ft.-lb.  per  ft.  width. 

Assuming  a  6  in.  slab  with  a  wearing  surface  of  30  lb.  per  sq.  ft.  the  total  dead  load  is  75  +  30  *  105 
lb.  per  sq.  ft.,  and  considering  the  slab  simply  supported  the  bending  moment  is 

Mj^  =  iw/«  =  I  X  105  X  4*  -  210  ft.-lb. 

and  for  a  partially  continuous  slab 

Af2>  -  t  X  210  -  170  ft.-lb. 

The  total  bending  moment  per  foot  width  of  slab  is 

M  «  2,650  +  170  "  2,820  ft.-lb.  -  33,800  in.-lb. 

For  the  unit  stresses  given  in  the  specifications  the  required  depth  to  the  center  of  the  steel  from 
formula  (6c),  Chapter  XVIII  is 

d  -  0.0965  ^  -  0.0965  ^^^  -  5."  in. 

where  M  ■■  bending  moment  in  inch-pounds. 

d  B  depth  from  compressive  face  to  center  of  steel. 
h  B  width  in  inches  over  which  M  is  distributed. 
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A  aiab  with  a  total  thickness  of  6.35  in.  and  a  depth  to  the  center  of  the  steel  of  d 
will  be  used.    The  area  of  steel  per  foot  width,  required  to  develop  this  slab  is 

A  -  0.00776' d  «  0.0077  X  12  X  5.25  -  0.49  sq.  in. 


5-25  in. 


for  the  unit  stresses  given  in  the  specifications.  Bars  \  in.  square  spaced  6  in.  c.  to  c.  will  be  used 
in  the  direction  perpendicular  to  the  floorbeams  at  both  top  and  bottom  of  the  slab.  These  bars 
provide  an  area  of  0.50  sq.  in.  per  foot  of  width.  Three  \  in.  square  bars  will  be  used  between 
adjacent  floor  beams  at  the  bottom  of  the  slab  in  the  direction  parallel  to  the  floorbeams  and  one 
at  each  floorbeam  at  the  top  of  the  slab  to  provide  for  temperature  changes  and  to  assist  in  the 
distribution  of  the  load. 

In  calculating  shear  and  bond  stress  the  maximum  end  shear  is  distributed  over  a  width  of 
three  feet. 

The  maximum  shear  in  the  slab  is 

V-P  +  kwl-  '3°  X '°'°°°  +  i  X  108  X  4  -  4.550  lb. 
The  maximum  unit  shear  is 


A- 


b'j'd 


'-'^hTd 


1.15 


4»550 

12  X  5.25 


>  83  lb.  per  sq.  in. 


The  shear  is  punching  shear  and  it  is  not  necessary  to  calculate  bond  stress. 

The  thickness  of  slab  from  Table  II,  Chapter  X,  is  6.25  in. 

6.  DESIGN  OF  FLOORBBAMS.^As  previously  noted  the  floorbeams  will  be  spaced 
4'  o"  centers,  the  end  floorbeams  being  of  the  same  section  as  the  intermediate  floorbeams.  In 
determining  the  amount  of  the  axle  load  carried  by  one  floorbeam  the  load  may  be  considered  as 
distributed  over  a  distance  of  12  ft.  parallel  to  the  axle.  The  percentage  of  the  axle  load  carried 
by  one  floorbeam  is  equal  to  the  spacing  divided  by  6  (S  19).  The  load  carried  by  one  floorbeam 
and  including  30  per  cent  impact  is 

J  X  1.30  X  20.000  =-  17,300  lb. 
The  live  load  bending  moment  in  the  floorbeam  is,  from  (a)  Fig.  11. 


I   /7300/bi\  I        7780/i?,    I  J  Ij 

t    k-/2'—y\    'k34Z'i<—-/8'—-->^-a42'    ^-- -/?'-- -4 
)^---/8.85-—>\  \k---/8.8r--^  \i----/8.8S----i\ 


(3) 


(b) 

Fig.  II. 


(o) 


J^L  -  J  X  17,300  X  §  X  18.83  -  J  X  17,300  X  §  X  6  -  55,600  ft.-lb. 

The  dead  load  due  to  the  weight  of  the  slab  and  wearing  surface  is  4  X  108  X  18  »  7,780  lb. 
distributed  over  16  ft.  of  the  floorbeam.  The  dead  load  bending  moment  due  to  the  weight  o£ 
the  slab  is,  from  (&)  Fig.  11 

i^D  -  i  X  7.780  X  i  X  18.83  -  i  X  7,780  X  §  X  9  =  19,100  ft.-lb. 

Assuming  the  weight  of  the  floorbeam  to  be  42  lb.  per  foot,  the  bending  momnt  due  to  this  k)ad  is 

JI^D  -  i  X  42  X  i8.83»  -  1,860  ft..lb. 
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I 

The  total  bending  moment  in  the  floorbeam  is  I 

M  =  55,600  -f  19,100  -f  1,860  =  76,560  ft.-lb.  -  919,000  in.-lb. 
The  required  section  modulus  is 

^-f-v^ -»»'"■■ 

A  15  in.  I  (@)  42  lb.  provides  a  section  modulus  of  58.9  in',  and  will  be  used. 
The  live  load  end  shear  including  30  per  cent  impact  and  considering  the  clearance  line  of  the 
load  as  at  the  edge  of  the  roadway  is  from  (c)  Fig.  11. 

Vl  =  I7i300  X  13.41  -^  18.83  =  12,300  lb. 
The  dead  load  end  shear  is 

^D  =  i  X  7,780  +  i  X  42  X  18.83  =  4.290  lb. 

The  total  end  shear  is  , 

V  =  12,300  +  4,290  =  16,590  lb.  I 

The  unit  shear  on  the  web  of  the  floorbeam  is  16,590  -r  15  X  0.41  =  2,700  lb.  per  sq.  in. 
Allowable  unit  shear  »  10,000  lb.  per  sq.  in.  (§  40). 

The  number  of  |  in.  field  rivets  required  between  the  connection  angles  of  the  floorbeam  and    i 
the  web  of  the  girder  is  16,590  -s-  4,420  =  4  rivets,  and  the  number  of  i  in.  shop  rivets  required 
between  the  connection  angles  and  the  web  of  the  floorbeam  is 

16,590  -h  (24,000  X  0.75  X  0.41)  =  3  rivets.  j 

I 
7.  STRESSES  IN  GIRDERS.^The  girder  section  will  be  made  uniform  throughout  the    | 

entire  length  for  there  is  no  economy  in  varying  the  light  section  which  will  be  required  for  this    I 
load  and  span.    A  cover  plate  will  be  used  on  the  top  flange  for  the  full  length  of  span  to  keep 
out  water  and  to  improve  the  appearance  of  the  girder.     No  cover  plate  will  be  used  on  the 
bottom  flange  unless  the  bending  moment  makes  it  advisable  to  use  that  type  of  section. 

All  loads  will  be  considered  as  uniformly  distributed  in  calculating  the  stresses  in  the  girder, 
instead  of  concentrating  the  floor  loads  at  the  floorbeam  points. 

The  total  dead  load  for  the  bridge  is  found  as  follows: 

13  Floorbeams,  13  X  42  lb.  X  18.8  =    10,250  lb. 

Slab  and  wearing  surface,  105  X  18  X  50  =    94i500  " 
Girders  assumed,  16,000  " 

Total  dead  load  for  entire  span  =  120,750  lb. 

The  dead  load  bending  moment  at  the  center  for  one  girder  is 

Md  -  \Wd'1  =  i  X  i^^52  X  49  =  370,000  ft..lb. 
The  dead  load  end  shear  for  one  girder  is 

Vd  -  hWD  -  ^1^  -  30,200  lb. 
2  /s  2 

The  live  load  on  the  entire  span  and  including  28.7  per  cent  impact  is, 

1.287  X  90  X  18  -X  50  =  104,200  lb. 

The  live  load  bending  moment  at  the  center  for  one  girder  is 

Ml  -  \Wl'1  =  i  X  ^-^^^  X  49  =  320,000  ft.-lb. 
The  live  load  end  shear  for  one  girder  is, 


Kx-JWr-?|^- 26,100  lb. 

2X2 
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The  total  bending  moment  at  the  center  for  one  g;irder  is 

.   M  =  Jlf©  +  Ml,  «  690,000  ft.-lb.  =  8,280,000  in.-lb. 

The  total  end  shear  for  one  girder  is 

V^Vj^^Vi,^  56,300  lb. 

8.  DESIGN  OF  GIRDERS.— The  depth  of  the  web  plate  will  be  taken  as  54  in!  (see  para- 
graph 4).     The  thickness  of  the  web  plate  is  influenced  by  two  factors: 

1.  The  shearing  stresses. 

2.  The  web  must  be  thick  enough  to  insure  a  practicable  rivet  spacing  in  the  flanges,  at  the 
end  of  girder. 

Neither  of  these  factors  are  likely  to  exert  much  influence  on  a  girder  as  small  as  the  one  under 
consideration. 

Using  a  web  plate  54  in.  X  A  ii^-  the  actual  unit  shear  on  the  gross  section  of  the  web  is 

56,300  -^  16.90  =  3,330  lb.  per  sq.  in. 

The  allowable  unit  stress  is  10,000  lb.  per  sq.  in. 

If  it  be  assumed  for  the  present  that  the  distance  between  the  rivet  lines  of  the  top  and  bottom 
flanges  is  3  in.  less  than  the  distance  back  to  back  of  flange  angles  and  that  there  will  be  but 
one  row  of  rivets  connecting  the  flange  to  the  web  plate,  the  rivet  spacing  in  the  flanges  at  the 
end  of  the  girder  from  formula  (8)  will  be 

.  _  rW  _  5,630  X  51  »5  _  -  ^  :„ 
^""T  56,300        =5.2m. 

«rbere  p  =  pitch  of  rivet  in  inches,  r  =«  allowable  stress  on  rivet,  and  V  =  shear  at  section. 
From  this  calculation  it  is  seen  that  a  ^  in.  web  plate  is  satisfactory  as  far  as  the  flange  rivet 
spacing  is  concerned.    A  web  plate  54  in.  X^  in.  will  be  adopted. 

The  gross  area  of  the  compression  flange  should  not  be  less  than  the  gross  area  of  the  tension 
^S<c  (i  50).  The  allowable  fiber  stress  in  the  bottom  flange  is  16,000  lb.  per  sq.  in.  on  the  net 
area  (§  37)  and  in  the  top  flange  is  16,000  —  150//&,  where  /  =  the  distance  between  lateral  sup- 
ports of  the  top  flange  »8Xi2B96in.  and  h  «=  the  width  of  the  cover  plate  (§  50).  The 
vtlue  of  h  can  be  more  easily  estimated  after  the  tension  flange  is  determined.  Assuming  the 
effective  depth  to  be  i)  in.  less  than  the  distance  back  to  back  of  flange  angles  the  net  area  required 
for  the  tension  flange  is  found  as  follows  (formula  (i)) 

.   ,        M         8,280,000 

Ar  =  7—;  «  -r TT —  =  976  sq.  m. 

/  'h      16,000  X  53      ^  '    ^ 

Allowing  one-eighth  of  the  area  of  the  web  as  flange  area,  the  required  net  area  of  the  tension 
flange  18 

9.76  -  t  X  16.90  «=  7.65  sq.  in. 

Two  ang^  5"  X  3i"  X  A"  provide  a  net  area  of  7.96  sq.  in.  deducting  one  f  in.  hole  from  each 
angle.    This  section  will  be  used  with  the  5  in.  legs  outstanding. 

The  width  of  the  cover  plate  must  be  at  least  t^r  X  96  »  8  in.  The  width  of  the  tension 
flange  is  about  10  in. 

A  10  in.  cover  plate  will  probably  prove  satisfactory  for  the  compression  flange.  The 
allowable  unit  stress  in  this  flange  from  §  50,  is 

Sc  =  16,000  —  i5off  =  14,560  lb.  per  sq.  in. 

The  gross  area  required  for  the  compression  flange  is  (formula  (i)) 


.     .    M        8,280,000 
^' - /TA -. 4.560  X  53  "^'^•^''^•'°- 
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Allowing  one-eighth  of  the  area  of  the  web,  as  flange  area  the  required  gross  area  of  the  com- 
pressive flange  is 

10.72  —  2.1 1  =  8.61  sq.  in. 

The  area  provided  by  a  10  in.  X  A  in-  cover  plate  and  2  angles  \"  X  \"  X  I''  is  8.86  sq.  in 
and  this  section  will  be  used.    The  edge  distance  on  the  cover  plate  is  about  2}  in.    Allowable 
8  X  A  =  2j  in. 

The  gross  area  of  the  tension  flange  is  8.94  sq.  in.,  and  of  the  compression  flange  8.86  sq.  in., 
excluding  the  portion  of  the  web. 

The  effective  depth  of  the  section  adopted  is  53.4  in.,  which  is  slightly  larger  than  the  assumed 
depth  of  53.0  in.,  so  no  revision  will  be  made.*  The  distance  between  gage  lines  is  50  in. 

The  portion  of  the  moment  carried  by  the  flanges  is  8.86  +  10.97  ~  0.81.    The  required  1 
spacing  of  the  rivets  between  the  web  and  flanges  is 

A  «     ^'^     „    5>630  X  50      _  ft  -^  .„ 
^       0.81 7      0.81X56,300       "^'^T^' 

The  maximum  spacing  allowed  is  6  in.  but  this  is  longer  than  should  be  used.    A  spacing  of  5  in* 
will  be  used  throughout  the  entire  length  of  the  top  and  bottom  flanges.    The  required  spacing  of  | 
rivets  between  the  cover  plate  and  flange  angles  is  much  greater  than  for  the  case  just  considered.  ! 
The  maximum  allowed  is  16  X  i!k  »  5  in.    This  spacing  will  be  used. 

The  end  stiffeners  should  have  an  area  sufficient  to  carry  the  total  end  shear  by  column  action. 
There  will  be  two  pairs  of  end  stiffeners  at  each  end  of  each  girder.  Sliding  bearings  are  to  be 
used  so  the  pair  of  stiffeners  towards  the  center  of  the  girder  should  be  designed  for  f  of  the 
shear  or  42,200  lb.  Only  the  area  of  the  outstanding  legs  should  be  considered  as  effecti\'e 
at  the  ends  of  the  stiffeners  because  of  the  poor  bearing  of  the  other  leg  on  the  fillet  of  the 
flange  angle.  The  area  required  is  42,200  -r  16,000  »  2.64  sq.  in.  The  value  16,000  is  used 
without  reduction  for  there  is  no  column  action  at  the  ends  of  stiffeners.  At  other  points  along 
the  stiffeners  the  full  section  can  be  used,  but  the  allowable  stress  must  be  reduced  by  the  column 
formula.  The  case  just  figured  will  evidently  control,  however.  Two  angles  4"  X  3"  X  f" 
provide  an  area  of  8  X  I  =>  3.00  sq.  in.  so  will  be  used  for  the  end  stiffeners  nearer  the  center  of 
the  girder.  The  other  pair  of  end  stiffeners  will  be  made  of  two  angles  4"  X  3"  X  A"-  A 
10  in.  X  \  in.  plate  will  be  riveted  to  these  to  improve  the  appearance  of  the  end  of  the  girder. 

The  outstanding  leg  of  the  intermediate  stiffeners  must  not  be  less  than  1/30  X  54  +  2  «  3.8 
in.  All  intermediate  stiffeners  will  be  made  of  angles  4"  X  3"  X  ig*  placed  in  pairs,  with  the 
4  in.  leg  outstanding. 

The  stress  carried  by  the  end  stiffeners  nearest  the  center  of  the  girder  is  42,200  lb.  as  deter- 
mined above.  Enough  rivets  must  be  used  between  the  angles  and  the  web  to  transmit  this  stress 
to  the  web  in  double  shear  or  bearing.  The  number  required  is  42,200  -«-  5,630  =  8.  The  rivets 
will  l)e  spaced  about  5  in.  This  will  provide  about  10  rivets  for  this  case.  The  rivets  in  all 
stiffeners  will  have  the  same  spacing. 

The  maximum  length  of  fg  in.  plate  60  in.  wide  which  can  be  obtained  at  the  mills  is  460  in.  " 
or  38  ft.  4  in.,  so  the  web  plate  will  have  to  be  spliced.    This  splice  might  be  located  at  the  center 
of  the  girder,  but  it  is  better  practice  to  splice  at  points  where  there  is  an  excess  of  flange  area. 
Each  girder  will  be  spliced  near  the  third  points  at  a  distance  of  about  17  feet  from  the  end  of  the 
girder  and  at  stiffeners. 

The  dead  load  per  foot  per  girder  is 

120,750  4-2  X  50  -  1,210  lb. 

The  live  load  per  foot  per  girder  is  1.287  X  90  X  18  -1-  2  -  1,040  lb.  including  impact. 
The  dead  load  shear  at  the  point  of  splice  is 

Vj^  -  1,210  X  ¥  —  if2io  X  17  **  9,000  lb. 
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riie  dead  load  moment  at  the  point  of  splioe  is 

Afi>  -  J  X  i,2io  X  49  X  17  —  i  X  1,210  X  17*  "  329*000  ft.-lb. 

rhe  maximum  live  load  shear  will  occur  with  the  uniform  load  covering  the  girder  up  to  the  point 
if  apUce,  and  is 

Fx-'-°^^^^'^ -10.850 lb. 
49 

The  maximum  live  load  moment  occurs  with  the  entire  span  loaded,  and  is 

Afx,  -  i  X  1.040  X  49  X  17  -  J  X  1,040  X  i7«  -  282,000  ft.-lb. 

The  total  shear  at  the  section  is  * 

V  -  9,000  +  10,850  -  19,850  lb. 

The  total  moment  at  the  section  is 

•M"  -  329,000  -f  282,000  —  611,000  ft.-lb. 

The  amount  of  the  moment  carried  by  the  web  is  equal  to  the  ratio  of  the  web  area  counted  as 
ftange  area,  to  the  total  area  of  one  flange  and,  considering  the  tension  flange  is 


2.1 1 


2.1 1  +  7.96 


X  611,000  »  121,000  ft.-lb. 


The  type  of  splice  shown  in  Fig.  12  will  be  used.    The  number  of  shop  rivets  required  by 
shear  alone  is  determined  by  bearing  on  the  ^  in.  web  and  is  19,850  +  5,630  ~  4.    This  number 


//yM 


blhUIcI" 


'L£i» 


IWb.PI.54x% 
,2-l'Sp.Ph. 


ELS5'x5ixh" 


Fig.  12. 


must  be  materially  increased  to  take  care  of  the  moment.  There  should  be  two  rows  of  rivets  on 
each  side  of  the  splice.  The  arrangement  shown  in  Fig.  12  represents  the  minimum  number  of 
rivets  which  can  be  conveniently  used  in  this  case 

S<P  -  (5*  +  2  X  io»  +  I5«  +  2  X  20»)  =  1,250  in«. 


'a/(5MM)'  -  VO^Fo^^^)' 


« V(i,420)«  +  (970)«  -  1,720  lb. 
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Allowable  bearing  (Table  33,  Appendix  III)  »  51630  lb.  This  splice  will  be  used  as  there  is  no 
place  where  it  is  advisable  to  reduce  the  number  of  rivets.  The  flange  angles  and  cover  plates 
can  be  obtained  long  enough  for  the  entire  span,  so  they  will  not  have  to  be  spliced. 

9.  DESIGN  OF  END  BBARINGS. — Roller  bearings  are  not  required  for  spans  less  than 
70  ft.,  so  sliding  bearings  will  be  used  for  this  girder.  Slotted  holes  will  be  used  in  the  sole 
plates  to  allow  for  a  movement  of  at  least  {  in.  at  one  end.    The  area  of  the  wall  plate  must  be 

at  least 

.       V     56,300 

where  Y  »  the  maximum  end  reaction,  and  /  »  allowable  bearing  on  concrete  abutments.    The 
sizes  of  the  sole  plates  and  masonry  plates  will  probably  be  determined  by  the  detail  adopted. 
The  thicbess  of  the  sole  plate  will  be  taken  as  {  in.  and  the  masonry  plate  as  }  in. 
The  anchor  bolts  will  be  hacked  bolts,  i\  in.  in  diameter  and  i  ft.  3  in.  long. 

10.  Detail  DrawiogB. — ^The  detail  drawings  for  this  bridge  are  shown  in  Fig.  13. 
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CHAPTER  XIII. 
Design  of  Low  Truss  Highway  Bridges. 

Introdiiction. — ^Low  truss  highway  bridges  are  used  for  spans  of  from  30  to  80  feet,  and  for 
special  designs  to  100  feet.  The  trusses  may  have  either  pin-connected  or  riveted  joints.  The 
trusses  may  have  either  half-hip,  as  in  Fig.  i  or  full  slopes,  as  in  Fig.  2,  and  may  be  either  of 
the  Warren  type,  as  in  Fig.  i,  or  of  the  Pratt  type,  as  in  Fig.  2.  The  cost  is  practically  the  same 
for  the  two  types.    Low  truss  highway  bridges  should  always  be  made  with  riveted  connections. 

Design  of  Riveted  Trusses.— The  author's  specifications  for  the  Design  of  Steel  Highway 
Bridges,  Appendix  I,  contain  the  following  requirements  for  the  design  of  low  truss  bridges. 

§  3.  Types  of  Truss. — ^Spans  from  30  ft.  to  80  ft. — Riveted  plate  girders  or  riveted  low  trusses 
for  classes  A,  B,  Ei,  Ei  and  E»,  and  riveted  low  trusses  for  classes  C,  Di  and  Di. 

§  54.  Low  Trusses. — Riveted  low  trusses  shall  have  top  chords  composed  of  double  web 
members  with  cover  plate.  The  top  chord  shall  be  stayed  against  lateral  bending  by  means  of 
brackets  or  knee  braces  rigidly  connected  to  the  fioorbeams  at  intervals  not  greater  than  twelve 
times  the  width  of  the  cover  plate.  The  posts  shall  be  solid  web  members.  The  fioorbeams  shall 
be  riveted,  preferably  above  the  lower  chord.     Pin-connected  low  truss  bridges  shall  not  be  used. 

General  Specification  for  Steel  Highway  Bridges  adopted  1918  by  the  Engineering  Institute 
of  Canada  contains  the  following  specifications  with  reference  to  the  design  of  low  truss  highway 
bridges. 

"  Pony-truss  bridges  shall  be  of  riveted  type.  Spans  of  50  feet,  center  to  center  of  bearings, 
or  less,  mav  have  single-webbed  trusses  with  T-chords;  but  all  spans  over  50  feet  in  length  shall 
have  double-webbed  chords,  and  latticed  or  otherwise  effectually  stiffened  web-members,  imless 
otherwise  specified  by  the  engineer. 

"  In  all  pony-truss  bridges,  the  fioorbeams  shall  be  ri^dly  connected  to  vertical  truss-members; 
and  stiffening  gussets,  .as  large  as  practicable  without  mterfering  with  the  roadway  clearances, 
shall  be  provided.  The  vertical  truss-members  and  the  floorbeam  connections  thereto  shall, 
when  practicable,  be  proportioned  to  resist,  at  the  specified  unit-stresses,  a  lateral  force  applied 
at  the  top-chord  of  the  truss,  equal  to  2  per  cent  of  the  maximum  top-chord  stress.    When  im* 


Fig.  I.    Low  Warren  Riveted  Highway  Bridge.    Gillbtte-Herzog  Mfg.  Co. 
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practicable  to  design  the  vertical  truss-members  sufficiently  strong  to  meet  this  requirement, 
outside  wing-braces  shall  be  added." 

The  specifications  of  the  Massachusetts  Public  Service  Commission  contain  the  following 
requirements  for  the  design  of  riveted  highway  bridge  trusses. 


1    1    1    r 


Plan. 


Fig.  2.    Low  Pratt  Riveted  Highway  Bridge.    American  Bridge  Company. 

§  70.  General  Principles, — Riveted  trusses  shall  be  so  laid  out  that  the  centre  of  gravity  lines 
(not  gage  lines)  of  each  member  meeting  at  a  joint  shall  intersect  at  a  point,  as  nearly  as  practicable. 
Only  very  small  deviations  will  be  permitted. 

§71.  Rivets  taking  stress  out  of  any  member,  whether  at  a  splice  or  at  a  joint,  shall  be 
arranged  as  nearly  as  practicable  so  that  the  center  of  gravity  of  the  rivets  shall  be  in  the  line 


(a)  Jo/sT  ON  Top  of  Floo/^  Beams 
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Cd)  SusPENO£i>  Floor  Beam  w/tm  Side  Walk 


Fig.  3.    Details  of  Low  Truss  Highway  Bridges.    American  Bridge  Company. 
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of  the  center  of  gravity  of  the  member,  and  symmetrically  arranged,  if  practicable.  Angles 
must  generally  be  connected  by  both  legs,  using  lug  angles,  with  number  of  rivets  in  each  leg 
proportional  to  area  of  leg. 

§72.  When  stress  is  taken  out  of  a  member  by  rivets,  the  rivets  must  be  arranged,  by 
staggering  or  otherwise,  so  as  to  have  as  few  rivets  as  practicable  in  a  line  parallel  to  the  member; 
and  the  pitch  of  rivets  must  generally  be  as  small  as  practicable. 

§  73.  When  stress  is  taken  out  of  a  single  member  into  a  gusset  plate,  and  from  this  into  an- 
other member,  the  rivets  in  the  second  member  must  not  only  have  their  center  of  gravity  in  the 
center  of  gravity  line  of  this  member  (see  §  71),  but  also  as  nearly  as  practicable  in  the  center  of 
gravity  line  of  the  first  member. 
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Fia  4.    Low  Truss  Steel  Highway  Bridge.    Wisconsin  Highway  Commission. 

^  {  74.  Any  bending  on  riveted  connections,  due  to  necessary  nonfulfillment  of  these  general 
principles,  is  to  be  allowed  for  in  proportioning  the  parts. 

{  75.  Sections.  For  upper  chord  and  end-post  sections  a  T-shape  will  not  be  allowed.  If 
two  vertical  plates  are  used,  the  bottom  edges  must  be  properly  stiffened,  as  circumstances  may 
dictate,  either  by  tie  plates,  lacing  with  bent  bars,  or  generally  by  the  addition  of  angles  with 
ladiw  of  the  usual  kind. 

{76.  Web  Members. — ^Web  members  must  be  double,  and  connected  symmetrically  to  the 
chords. 
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§  77.  Splices, — ^Where  a  chord  is  spliced  at  a  joint,  and  the  gusset  plate  used  as  a  cover,  only 
that  part  of  the  gusset  in  contact  with  the  chord  shall  be  allowed  for. 

EXAMPLES. — ^A  four-panel  Warren  truss  highway  bridge,  designed  by  the  Gillette-Herzog 
Mfg.  Co.,  is  shown  in  Fig.  i.  The  chords  and  the  diagonal  web  members  are  made  of  two  angles 
placed  back  to  back,  forming  a  T-section,  while  the  posts  are  made  of  two  angles  "starred."  The 
floorbeams  are  riveted  below  the  lower  chord  and  are  rolled  I-beams.  The  joists  are  carried 
directly  on  the  tops  of  the  floorbeams  and  are  composed  of  four  channels  and  four  I-beams  placed 
as  shown.  The  details  of  the  floor  are  clearly  shown.  The  lower  laterals  are  made  of  single  angles 
with  riveted  connections.  The  upper  chord  is  braced  at  the  panel  points  with  angle  braces. 
This  type  of  bridge  should  be  used  only  for  very  light  highway  bridges. 

TABLE  I. 

Data  on  Standard  Steel  Low  Truss  Highway  Bridges. 
Wisconsin  Highway  Commission. 


Height  of  Tniw.  Fe«t. 

Weight  of  Structural  Steel  in  Trusses.  Floorbeams 

Span.  Ft. 

Roadway. 

Number  of 
Panels. 

and  Lateral  Bracing. 

16  Ft. 

x8Ft. 

16  Ft.  Roadway,  Lb. 

18  Ft.  Roadway,  Lb. 

35 

4.5 

4-5 

7,210 

7,680 

40 

5-0 

5-0 

7,980 

8,660 

45 

5-25 

5-25 

9,980 

10,665 

50 

5.5 

5-5 

ri,97o 

13,180 

55 

6.0 

6.0 

14,570 

16,460 

60 

6.0 

6.5 

16,900 

18,250 

65 

6.5 

7.0 

20,450 

22,540 

70 

7.0 

7-5 

22,730 

24,470 

75 

7-5 

8.0 

24,530 

28,100 

80 

8.0 

8.5 

5 

27,880 

30,840 

85 

8.5 

9 

6 

32,920 

35.360 

Railing  per  lineal  foot 

17  lb. 

17  lb. 

Reinforcing  per  lineal  foot 

40  lb. 

44  lb. 

Concrete  per  lineal  foot 

0.30  cu.  yd. 

0.34  cu.  yd. 

Concrete  slabs  6   in.  thick.     Reinforcing 

transverse  \ 

in.  sq.  twisted   bars  spaced   6  in.  centers, 

longitudinal  \  in.  sq.  twisted  bars  space 

d  two  between 

joists. 

A  four-panel  Pratt  low  truss  highway  bridge,  designed  by  the  American  Bridge  Company,  is 
shown  in  Fig.  2.  The  upper  and  the  lower  chords  and  the  posts  are  made  of  two  angles  placed 
back  to  back,  forming  a  T-section.  The  diagonals  are  single  angles  acting  in  tension,  only.  The 
trusses  are  braced  by  bending  one  of  the  angles  of  the  posts.  The  floorbeams  are  riveted  to  the 
posts  above  the  lower  chords,  and  are  rolled  I-beams.  The  joists  are  carried  on  shelf  angles 
riveted  to  the  webs  of  the  floorbeams  as  shown.  The  lower  lateral  systems  are  made  of  single 
angles  with  riveted  connections. 

Details  of  a  riveted  low  truss  highway  bridge  with  the  floorbeams  riveted  below  the  lower 
chords,  as  designed  by  the  American  Bridge  Company,  are  shown  in  (a),  Fig.  3.  The  end  shoe 
is  bolted  to  the  bridge  seat  by  means  of  anchor  bolts.  The  holes  in  the  bearing  plates  of  the  shoes 
should  be  slotted  at  one  end  to  permit  movement  due  to  changes  in  temperature.  Sliding  plates 
should  be  provided  at  the  expansion  end;  the  surfaces  of  the  bearing  and  sliding  plates  in  contact 
being  planed. 

Details  of  riveted  low  truss  highway  bridges  with  box-  and  with  tee-chords,  and  with  floor- 
beams  riveted  below  the  lower  chords,  as  designed  by  the  American  Bridge  Company,  are  sho^'n 
in  (6),  Fig.  3.  Details  of  a  riveted  low  truss  highway  bridge  with  box-chords  and  with  suspended 
floorbeams  are  shown-  in  (c),  Fig.  3.     It  will  be  noted  that  no  side  braces  are  provided  in  this 
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Fig.  5.    Low  Truss  Steel  Highway  Bridge,  with  Slab  Floor.    Iowa  Highway  Commis 

design.  The  same  method  of  suspending  the  floorbeams  is  shown  in  ((/),  Fig.  3,  for  a  low 
bridge  with  sidewalks.  Where  side  braces  are  not  used  the  posts  should  be  made  wider 
where  braces  are  used. 

Details  of  a  60-ft.  span  standard  low  truss  highway  bridge  designed  by  the  Wisconsin  1 
way  Commission  are  given  in  Fig.  4.     The  upper  chords  are  composed  of  two  channels  8  in.  ^ 
lb.,  and  a  12  in.  by  i  in.  cover  plate.    The  joists  are  carried  on  the  tops  of  the  floorbeams, 
the  floorbeams  are  riveted  to  the  posts  below  the  lower  chords.    This  bridge  was  designe 
a  15-ton  road  roller  and  for  a  live  load  of  1 14  lb.  per  sq.  ft.,  both  without  impact,  in  addition  t 
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TABLE  II. 

Standard  Steel  Low  Truss  Spans — Concrete  Floor  without  Stringers. 
General  Data  and  Estimated  Quantities. 
,  Iowa  Highway  Cobimission. 


/i'bwofftr  each  floor  beam 
,^,3'i'bdr5  per  panel 


N^o'  ^ 


Ur^Jj^.^ 


I 

I 


t 


SECTIONS  OFBRim  SEATS 
^5  55' fo  e^lncL      Spans  70' fo  100' Inch 


Span  and 
Roadway. 


Hdffht  of 
Trass. 


Number  of 
Panels. 


Center  to 
Center  <^ 
Trussw. 


Thickness  of 
Floor,  T. 


Heisrht 

of  Parapet, 

P. 


Structural 
Steel. 


Floor. 


Reiaforc- 


Concrete 


ft. 

35X16 
35X18 
40  X  i6 
40X18 
45X16 

45X18 
50  X  16 
SoX  18 
55X16 
55X18 

60X  16 
60X  18 
6s  X  16 
65X18 
70  X  i6 

70X18 
75X16 
75X18 
80  X  16 
80X  18 

85X16 
85X18 
90X16 
90X  18 
95X16 

95X18 
100  X  16 
100  X  18 


ft.  in. 
6 


ft. 
17 
19 
17 
19 
17 


in. 

8 

8 


i 


7  o 

7  o 

7  o 

7  o 

7  o 


7 
7 
7 
8 
8 

8 
8 
9 
9 
9 

9 
10 
10 


I 

6 
6 
6 

7 
7 
8 
8 
8 

8 

9 

9 

10 

10 

10 
10 
10 
10 
10 

10 
10 
10 


19  o 

17  3 

19  3 

17  3 

19  3 


17 
19 
17 
19 
17 

19 
17 
19 
17 
19 

17 
19 
17 
19 
17 

19 
17 
19 


t 


lb. 
12,200 
12,800 
15,300 
16,100 
16,700 

17,500 
19,900 
21,000 
21,400 
23,100 

25,500 
27,200 
29,100 
31,000 
34,700 

36,900 
39,400 
41,700 

46,600 

47,100 
49,400 
50,200 
52,800 
52,400 

59,200 
57.200 
64,000 


lb. 

3,470 
3,880 
3,940 
4,400 
4,340 

4,860 
4,820 
5,370 
5,230 
5,830 

5,850 
6,540 
6,310 
7,060 
6,580 

7,350 
7,040 
7,870 
7,500 
8,380 

7,920 
8,840 
8,490 
9,490 
8,910 

9,960 

9,310 

10,400 


cu.  yd. 
15.2 
17.0 
16.1 
18.1 
19.2 

21.5 
19.9 
22.3 
23.2 
26.0 

25.2 
28.3 

25-5 
28.7 
28.5 

32.0 
28.6 
32.1 
30.5 
34-3 

34.5 
38.8 

36.5 
41.0 
38.5 

43.2 
43.0 
48.3 


dead  load.  These  bridges  could  be  very  much  improved  (i)  by  riveting  the  floorheams  above 
the  lower  chords;  (2)  by  the  use  of  solid  webbed  posts,  and  (3)  by  the  use  of  side  braces  or  brackets. 
DaU  on  Wisconsin  Highway  Commission  standard  low  truss  highway  bridges  are  given  in  TaUc  1. 
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Details  of  a  90-ft.  span  standard  low  truss  highway  bridge  without  joists,  as  designed  by  the 
Iowa  Highway  Commission  are  given  in  Fig.  5.  These  bridges  have  a  concrete  slab  floor  carried 
directly  on  the  floorbeams.  The  details  of  this  bridge  are  well  worked  out  and  give  an  excellent 
structure.  Standard  spans  from  35  ft.  to  65  ft.  rest  on  sliding  plates,  while  spans  from  70  ft.  to 
100  ft.  have  one  end  on  a  rocker.  In  spans  from  35  ft.  to  65  ft.  the  side  braces  are  omitted.  Data 
on  the  low  truss  highway  bridges,  the  details  of  which  are  shown  in  Fig.  5,  are  given  in  Table  II. 


iH'j^iiH 


M 


i5-Imfnqme. 


I II I  III  will  I  la-^""-"^^'*^''  Scwartt^iBkbotQfryr^iawl^safkisb 


i^7xM 


wjj 


HsifSectm. 


X/i  V/y  w'ithrpmdimdx  ^Miickc, 


-4     ^iJLrjj 

Osl  IrmSh&^-Fixedfnd 


5TAmARo70MLowJRm3Rm 

Concrete  fim&nSieeUohis 

MwAMmmrCm^mm 


Fig.  6.    Low  Truss  Steel  Highway  Bridge,  Concrete  Floor  on  Steel  Stringers. 
Iowa  Highway  Commission. 


Details  of  a  70-ft.  span  low  truss  highway  bridge  with  joists,  as  designed  by  the  Iowa  Highway 
Commission  are  given  in  Fig.  6.  These  bridges  have  a  concrete  slab  floor  carried  on  steel  joists. 
The  steel  I-beam  joists  are  framed  into  the  floorbeams  by  coping  the  joists  so  that  the  top  flanges 
of  both  floorbeams  and  joists  are  on  the  same  level.    Standard  spans  of  35  ft.  to  65  ft.  rest  on 
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sliding  plates,  while  spans  from  70  ft.  to  65  ft.  rest  on  rockers.  In  spans  from  35  ft.  to  65  ft.  the 
side  braces  are  omitted.  Data  on  the  low  truss  highway  bridge  shown  in  Fig.  6,  are  given  in 
Table  III. 

TABLE  III. 

Standard  Steel  Low  Truss  Spans — ^Wrra  Steel  Stringers  and  Concrete  Floor. 

General  Data  and  Estimated  Quantities. 

Iowa  Highway  Commission. 


^t_b  ^"^'^^      • 

y             ^TSk/<?4 

IL^ 

2j^ 

\. 

T — m 

X 

"1 

JKAN5VER5E  FLOOR  SEi 

Transverse  Reinforcing: 

'  r 

'''*'*/ 

1                , 

'A 

Top'i^bars'tlc  Botlm-tibars-IZ'i 

Stagger  boffom  bars  mth  fop. 
Longitudinal  Re/nforcfng: 
i'bar  befmen  each  paar  tf  Joists. 

SECTIONS  0F3RW6E  SEffTS 
Spans  40*io  65' Ind      Spans  TO'lo  85' Ind. 

Span  and 

Height  of 

Number 
of 

Center  to 
Center  of 

Height  of 
Parapet. 

Structural  Steel. 

Floor. 

Trasses. 

Roadway. 

TniM. 

Panels 

Trusses. 

s*^ 

Bracing. 

Floorbcams, 

etc. 

Joisu. 

Total. 

Reinforc. 
Ing. 

Con. 
Crete, 

ft. 

ft.  in. 

ft.  in. 

ft.      in. 

lb. 

lb. 

lb. 

lb. 

cu.'yd. 

40X16 

6    0 

17    3 

I        8j 

* 

12,500 

5,700 

18,200 

1,390 

13.0 

40X  18 

6    0 

19    3 

I      10 

13,800 

6,500 

20,300 

1,580 

14.6 

4SXi6 

6    6 

17    3 

I      10 

t 

14,600 

6,300 

20,900 

1.560 

14.5 

45X18 

6    6 

19    3 

I      10 

» 

15,300 

7,200 

22,500 

1,760 

16.3 

50  X  16 

6    6 

17    3 

I      II 

16,000 

8,100 

24,100 

1,710 

15.9 

50  X  18 

6    6 

19    3 

I      II 

17,500 

9,200 

26,700 

1,930 

17-9 

5SXi6 

6    6 

17    3 

I     8H 

18,600 

7,800 

26,400 

1,870 

19.6 

5SXi8 

6    6 

19    3 

I    II 

20,600 

8,900 

29,500 

2,120 

60X16 

7    0 

17    3 

I    II 

21,300 

8,500 

29,800 

2,040 

18.9 

60X  18 

7    0 

19    3 

I    II 

22,400 

9,600 

32,000 

2,310 

21.2 

65  X  16 

7    0 

17    3 

I    "A 

23,000 

10,600 

33>6oo 

2,200 

20.4 

6s  X  18 

7    0 

19    3 

I    II 

25,700 

12,000 

37.700 

2,490 

22.9 

70  X  16 

7    0 

17    3 

3       Of 

31,700 

9,900 

41,600 

2,300 

21.2 

70  X  18 

7    0 

19    3 

3      oA 

32,900 

11,300 

44,200 

2,600 

23.8 

75X16 

7    6 

17    3 

3      oA 

33,000 

10,600 

43,600 

2,460 

22.7 

75X18 

7    6 

19    3 

3      oA 

35,200 

12,000 

47,200 

2,790 

25-5 

80X16 

8    0 

17    3 

3      oA 

35,200 

13,000 

48,200 

2,620 

24.2 

80  X  18 

8    0 

19    3 

3      oA 

38,700 

14,700 

53,400 

2,970 

27.2 

85  X  16 

8    6 

17    3 

3      oA 

37,600 

13,700 

51,300 

2,780 

25.7 

85X18 

8    6 

19    3 

3      oA 

41,100 

15,600 

56,700 

3,150 

28.9 

Details  of  a  low  riveted  truss  bridge  with  reinforced  concrete  floor  as  desig^ned  by  the  Michigan 
Highway  Commission  are  given  in  Fig.  7.  The  upper  chord  is  braced  by  gusset  plates  on  the  inside 
of  each  post.  The  expansion  end  of  the  bridge  rests  on  6-in.  segmental  steel  rollers.  The  Com- 
mission has  prepared  standard  plans  for  spans  of  from  50  ft.  to  100  ft.  by  5  ft.  intervals. 

The  riveted  low  truss  highway  bridge  with  an  inclined  upper  chord  shown  in  Fig.  8,  is  built 
by  the  American  Bridge  Company  for  locations  requiring  an  artistic,  serviceable  bridge  at  a 
moderate  cost.    This  bridge  has  been  built  with  six  panels  and  with  spans  of  90,  96  and  102  feet. 
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The  bridge  in  Fig.  S  has  a  20-ft.  roadway  and  was  designed  for  a  dead  load  of  930  lb.  per  lineal 
foot  of  bridge,  and  a  live  load  of  2,400  lb.  per  lineal  foot  of  bridge.  The  total  weight  of  the  steel 
in  this  bridge,  exclusive  of  joists  and  fence  is,  approximately,  57,000  lb.  Fhe  floorbeams  are 
rolled  I-beams  and  are  riveted  below  the  chords.    The  top  chords  are  made  of  two  channels 


\  is^tms  in  M.  cm  ^>^     tm^yj^L-ssm  i  -j/m        i  -ism 


M  /Jib  UJ'^S^t"'  fr/i^i  ^^    / 
mi*s«ct.    3  rfi^s    ^  end  c&nn^ 

Pa^T    PLATf 


Half  S^ct/on 


'  .t ^ 1  % 

'1 


^^ 


■■KZ'% 


'^C^fvd  i^ler^S  A?  fir  ^^ 


^..^L^^^s^^AUL-Qsims , ,..-J 


5p§dfk^wns:  Mich,  5t^e  Hlfhw^f  IkpL, 

Urn  Ls^:  W  T.fvffsr  ^  m  Id  per S^rt, 

ikxf  l^:  Wtifht  tf  s^l  pii^s  /350  i&. 
per  /in.  h.  f^  ^  '  comr^i^  fker 

fyM:  Om  sh^  j>fxf  /«t?  //^^  c^is^ 
first  iff  Se  rffd,  sec^Td^  ^fieen  ^^ 
thirst  A^-^k.   P^'Dt  U  ^  yfe^y  mixedf 
is  Of*  p4/rB   rff^  i^  l^  £vs?  ^/f^r> 
i/f?s^r  ^r  "^€t/7^  p^/7t  ^rol^  6y 
Mkhi^/7  5£^te  /?V/?>fe?/  Commissioner 

Rasmir^'  ^H  i^oies  for  f/eif  riy^is  exempt 
t^  ister^is  iff  ^  driiled  ffr  rBSmed 
i&  iron   ierr^jt^  ffr  rs^rf?ed  in/e 
vihik  pifices  ^nt  i^e/t^    ifp^ti^er 

Cenneciic^s :  A//  fie^  cffrymct/pns   shs//  U 

Pmis :    Tff  dg  i'  unless  ^^. 
Traffic  ^  Tff  de  /T^intsirwd  di/ri/o^  erettip^ 
i/nipS5   olhertris^  h^trxf/m^  in  m^r^r 
^^rffv^  dy  /ii^l>y^y  Cw>r7?issiff^r 
Seciims  ffr  ^i^/y^ent  stremlh 
rnsy  de  Si/^siitJi^  &7  ^pprwsK 
Aif  ^uss^  pistes  /  ! 
£5^fmaUd  mi^H  63,£i^  id, 

Miti    In  Shoes 
fS^sfi  Pi.  i* 
iSide  Pi%  i 
2  OtftB,  L^  6'i  il 
tins.  L'SSSi 

inn  Pis  J 
^  fiiiifrs,  /^ 


Mich/pr^  HiffmoyC^frtmission 


Connections^ 


Fig.  7.    Low  Truss  Steel  Highway  Bridge.    Michigan  Highway  Commission. 


with  a  top  cover  plate,  the  lower  edges  of  the  channels  being  fastened  together  with  tie  plate 
^ang  is  much  better  practice.     The  bottom  chord  is  composed  of  two  angles,  with  tie  plates — 
tie  plates  are  all  right  for  this  member.    The  web  members  are  made  of  2  or  4  angles  laced  as 
shown.    Rods,  not  shown,  are  used  for  the  lower  lateral  system. 
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Fm-CONNECTED  LOW  TRUSS  BRIDGES.—Pin-connected  low  truss  highway  bridges 
are  commonly  built  of  the  Pratt  type,  with  either  half-hip  or  full  slope  end-posts.  The  upper 
chords  of  pin-connected  low  truss  highway  bridges  are  made  of  two  channels  and  a  top  cover 
I^te,  or  of  two  channels  laced;  the  posts  are  usually  made  of  four  angles  laced  or  battened;  while 
the  tension  members  are  made  of  rods  or  eye-bars.  The  posts  and  the  chords  should  be  made 
very  wide  and  should  be  securely  fastened  to  the  floorbeams,  or  side  braces  should  be  used.  The 
details  of  the  American  Bridge  Company's  half-hip,  low  truss  Pratt  highway  bridge  with  the 
fioorbeams  riveted  below  the  lower  chords  are  shown  in  (a),  Fig.  9;  while  details  of  a  full  slope 
Pratt  highway  bridge  with  floorbeams  riveted  below  the  lower  chords  are  shown  in  (6),  Fig.  9. 
Roiled  beams  are  used  for  floorbeams,  while  the  lower  laterals  are  made  of  rods  with  screw  ends. 

The  principal  objection  to  pin-connected  low  truss  bridges  is  that  the  vertical  trusses  are 
usually  not  sufficiently  braced,  and  lack  lateral  stability.  The  "  fish-bellied  "  truss  bridge  shown 
in  Fig.  10  with  the  floorbeams  riveted  above  the  lower  chords,  is  a  decided  improvement  upon 
the  usual  type  of  low  truss  bridge.  This  bridge  is  very  rigid  and  makes  a  very  satisfactory 
structure.  In  Fig.  10  the  lower  chord  pins,  beginning  with  the  left  end,  are  called  Lo,  Li,  Lt»  etc., 
while  the  upper  chord  pins  are  called  Z7i,  Ut,  etc.,  as  shown.  The  top  chords  and  end-posts  are 
made  of  two  channels  and  a  top  cover  plate,  with  tie  plates  on  the  bottom  of  the  member.  The 
posts  are  made  of  four  angles;  eye-bara  are  used  for  the  lower  chords  and  main  diagonals,  while 
rods  are  used  for  the  main  ties  and  the  diagonals  in  the  middle  panels.  The  joists  are  carried 
directly  on  the  tops  of  the  floorbeams. 

TEMPERATURE  CHANGES.— The  expansion  ends  of  low  truss  bridges  should  be  placed 
on  sliding  plates  or  be  carried  on  rollers  or  rockers.  Rollers  are  not  commonly  used  for  low  truss 
highway  bridges  having  a  span  less  than  70  ft.  Details  of  rockers  and  rollers  are  given  in  Chapter 
XV.     Detaib  of  rockers  are  given  in  Figs.  5,  6  and  15. 

WEIGHT  OF  LOW  TRUSS  BRIDGES.— The  weights  of  low  truss  highway  bridges  as 
designed  by  the  Wisconsin  Highway  Commission  are  given  in  Table  I,  and  as  designed  by  the 
Iowa  Highway  Commission  are  given  in  Tables  II  and  III.  Formulas  for  weights  of  low  truss 
Highway  bridges  are  given  in  Chapter  IX. 

LENGTH  OF  SPAN. — ^The  American  Bridge  Company's  standards  include  the  following 
lengths  of  span  for  the  different  types  of  low  truss  bridges: 


TABLE   IV. 
Low  Truss  Spans  Used  by  American  Bridge  Company. 


Typ«  of  Tnus. 


Span  in  Feet. 


Low  Warren  riveted  truss  with  parallel  chords,  plate  and  two  angles . 
Low  Warren  riveted  trusses  with  inclined  chorals 


36  to    85 
90  to  102 


TABLE  V. 

Depths  of  Low  Riveted  Trusses. 

American  Bridge  Company. 


span.  Feet. 

Nnmberof  Panels. 

Ratio  of  Depth  to  Panel  Length. 

36  to   45 
k8  to    60 
65  to    85 
90  to  102 

3 
4 

1 

0.35 
0.40 
0.50 

0.30,  0.525,  and  0.60 
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(b)  Details  of  Loiv  Ppatt,  Pin  Connected  Truss, 
Full  Slope^ 

Fig.  9.    Low  Pratt  Pin-Connected  Highway  Bridges. 
American  Bridge  Company. 

The  Gillette-Herzog  Mfg.  Company's  standards  for  riveted  Warren  low  truss  bridges  in- 
cluded spans  from  32  to  75  feet.     The  economical  limit  for  low  truss  spans  is  at  75  or  80  feet. 

DEPTH  OF  TRUSS.— The  American  Bridge  Company's  standards  for  low  truss  bridges 
are  given  in  Table  V. 
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The  Design  of  a  70  ft.  Span  Low  Riveted  Warren  Truss  Bridge. 

1.  General  Description  of  Bridge. — ^This  is  to  be  a  low  truss  bridge  with  riveted  Warren 
trusses.  The  floor  is  to  be  composed  of  a  reinforced  concrete  slab  supported  on  I-beam  joists. 
Provision  will  be  made  for  a  wearing  surface  weighing  50  lb.  per  sq.  ft.  of  roadway.  The  floorbeams 
will  be  riveted  to  the  posts  above  the  lower  chords  to  hold  the  trusses  in  place  as  rigidly  as  possible. 

2.  LOADS. — Dead  Load. — ^The  dead  load  consists  of  the  weight  of  the  reinforced  concrete 
floor  slab  at  150  lb.  per  cu.  ft.,  the  wearing  surface,  joists,  floorbeams,  trusses  and  lateral  bracing. 

live  Load. — ^This  bridge  will  be  designed  for  Class  Dt  loading  which  provides  for  a  15-ton 
concentrated  load  or  a  uniform  load  of  100  lb.  per  sq.  ft.  of  roadway  for  the  floor  and  its  sup- 
ports. The  live  load  for  the  trusses  is  given  in  Table  I  of  the  specifications  as  80  lb.  per  sq.  ft. 
of  roadway. 

Impact. — ^The  specifications  provide  for  an  allowance  for  impact  of  30  per  cent  of  the  live 
load  for  the  floor  and  its  supports,  and  of 

100  100 

■jT—, =  - — I =  27  per  cent 

L  +  300      70  +  300  *^ 

for  the  truss  members. 

Wind  Load. — ^The  specifications  require  that  the  lateral  bracing  be  designed  for  a  moving 
wind  load  of  300  lb.  per  lineal  foot  of  bridge. 

3.  DIMENSIONS.— Span,  70'  o"  c.  to  c.  of  bearings;  panel  length,  14'  o";  width  of  road- 
way, 16'  o",  spacing  of  trusses,  17'  3"  c.  to  c.  about. 

4.  Depth  of  truss,  i  of  panel  length  =  7'  o"  c.  to  c.  of  chords.  Minimum  depth  allowed  by 
the  specifications  =  A  X  70  =  7'  o". 

5.  DESIGN  OF  FLOOR  STSTEM.— The  methods  used  in  the  design  of  the  floor  system 
of  this  bridge  are  given  in  Chapter  X,  and  will  not  be  repeated. 

The  slab,  joist  and  floorbeams  required  may  be  found  in  Table  I,  and  Fig.  9,  Chapter  X. 

The  following  floor  system  will  be  used. 

Slab. — ^Total  thickness  6  in.  Depth  to  center  of  steel  5  in.  Reinforcement  at  right  angles 
to  joist;  i  in.  square  rods  6i  in.  c.  to  c.  Reinforcement  parallel  to  joists;  two  i  in.  square  bars 
between  adjacent  joists. 

JaistSt    9  in.  Ts  @  21  lb.  spaced  about  2  ft.  3  in.  c.  to  c. 

Intermediate  floorbeams,  20  in.  I's  @  65  lb. 

End  floorbeams,  20  in.  I's   @  65  lb. 

Weight  of  floor  system  per  panel 

Wearing  surface,  50  X  14  X  16  =  11,200  lb. 
Slab,  75  X  14  X  16  =  16,800  " 

Joists,  8  X  21  X  14  =    2,400  " 

Floorbeam,  17  X  65  =    1,100  " 

Total  per  panel  =  3i»500  lb. 

Total  weight  of  floor  system  =  31,500  X  5  =  157,500  lb.  for  entire  bridge. 

In  order  to  calculate  the  live  load  floorbeam  reaction  it  is  necessary  to  calculate,  first,  the 
maximum  load  that  can  come  on  a  floorbeam  and  second,  the  maximum  reaction  that  can  occur 
due  to  this  load.  From  (a)  Fig.  11,  the  greatest  live  load  that  can  come  on  the  floorbeam  will 
be  10  -f  4  X  5/14  =  11.44  tons.  From  (b)  Fig.  11,  it  will  be  seen  that  the  maximum  reaction 
will  occur  with  the  wheels  as  shown.     (The  truck  is  10  ft.  wide.) 

/J.=  ^^^^^^P^x  2.000.  15,300  lb. 
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Allowing  30  per  cent  for  impact,  the  reaction  will  be  1.30  X  15,300  =  20,000  lb. 

D.  L.  fioorbeam  reaction,  intermediate  15,800  lb.     End    7,900  lb. 

L.  L.  and  Impact  fioorbeam  reaction,  intermediate  20,000  *.*      End  20,000  " 
Total  floorbeam  reaction,  intermediate  35,8oo  lb.     End  27,900  lb. 

6.  STRESSES  IN  TRUSSES  AND  LATERAL  SYSTEM.    Joint  Load.— D«mI  Load.-- 

Steel  exclusive  of  floor  system 20,000  lb. 

Floor  system  and  wearing  surface 157,500   " 

Total 177,500  lb. 

M,  5T.  5.721      5.72T. 

(?)         G)  I       I 

^'^      ^- u " 

Fig.  II. 

Dead  joint  load  =  177,500  -«-  10  »  17,750  lb. 

Lioe  Loarf.— «o  X  16  X  14  ■^  2  -  9,000  lb.  per  joint. 

Impact,— 0.27  X  80  X  16  X  14  +  2  =  2,420  lb.  per  joint. 

WM  Load,—yio  X  14  =  4.200  lb.  per  joint,  on  lower  chord  only. 

7.  Dead  Load  Stresses.— The  dead  load  stresses  as  calculated  by  the  method  of  coefficients 
are  shown  on  Fig.  12.  The  entire  dead  joint  load  was  considered  as  applied  at  the  lower  chord 
joints. 

8.  Iiv«  Loftd  and  Impact  Stresses. — ^The  live  load  web  stresses  as  calculated  by  the  method 
of  coefficients  are  shown  in  Fig.  12.  The  maximum  chord  stresses  occur  when  the  bridge  is  fully 
loaded  and  are  obtained  by  multiplying  the  corresponding  dead  load  stresses  by  9,000  4-  17,750 
=  0.507. 

The  impact  stresses  are  determined  by  multiplying  the  live  load  stresses  by  the  impact  factor 
0.27,  and  are  given  in  Fig.  12. 

9.  Wind  Load  Stresses. — ^The  wind  load  stresses  as  calculated  by  the  method  of  coefficients 
are  shown  in  Fig.  12.  The  wind  load  was  considered  as  moving  so  the  maximum  stresses  in  the 
lateials  will  occur  with  the  longer  segment  loaded  and  in  the  chords  with  all  joints  loaded.  The 
total  wind  load  was  considered  as  concentrated  at  the  joints  of  the  windward  truss.  The  total 
shear  in  any  panel  was  assumed  as  taken  by  the  member  which  would  carry  it  in  tension.  The 
effect  of  the  solid  floor  was  not  considered,  although  after  the  bridge  is  completed  the  laterals  will 
not  be  necessary  as  far  as  wind  stresses  are  concerned. 

10.  Stress  Sheet. — Before  proceeding  with  the  design  of  members  the  stresses  due  to  the 
various  loadings  will  be  collected  on  the  stress  sheet.  Fig.  13.  As  soon  as  the  size  of  each  member 
is  determined  it  will  be  recorded  on  the  stress  sheet. 

11.  DESIGN  OF  MEMBERS.— The  upper  chord  and  end- post  sections  will  be  made  of 
two  channels,  flanges  turned  out,  with  a  cover  plate  on  top  and  lacing  on  the  under  side.  The 
Kction  should  be  made  wide  to  provide  lateral  rigidity  and  the  top  chord  should  be  supported 
horizontally  by  brackets  at  each  floorbeam.  The  width  of  cover  plates  given  by  the  following 
formula  represents  conservative  practice,  h  »  L/io  +  6  in.;  where  h  =  minimum  width  in  inches, 
and  Lb  length  of  span  in  feet.    The  width  of  the  cover  jJate  should  preferably  be  in  even  inches. 

The  lower  chord  sections  will  be  made  of  two  angles,  battened,  placed  outside  of  gusset  plates 
with  legs  turned  out  where  sufficient  area  can  be  provided.    Where  a  greater  area  is  required  than 
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(a)  Dead  Load  Stresses  m  It^uss 
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Live   Load   Coefficients  and  Stresses 
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(b)  UvE  Load  Stresses  m  truss 
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(c)  Impact  Stresses  in  Truss 


4200     2100 
^■6820     > ' 


-f  -J  '6620 

^. 5  Pa_nels  _(f  I4z0_"f7g:0_\ 

P'42dd,  tan  ^^O^sk'y' secV^'lik]  'Ptan*^34IO^  l/5Psec*^l08O 

(d)    Wind  Load  Stresses 

Fig.  12. 
can  be  provided  by  two  angles  of  reasonable  size,  four  angles  will  be  used,  two  with  legs  turned 
out  placed  outside  of  gusset  plate,  and  two  with  legs  turned  in,  placed  inside  of  gusset  plates. 

The  inclined  web  members  will  be  made  of  two  angles  battened  with  legs  turned  in  and  placed 
inside  of  gusset  plates. 

The  vertical  posts  do  not  carry  any  calculated  stress,  but  serve  to  support  the  top  chord 
against  bending  in  a  vertical  plane  and  provide  for  the  floorbeam  connection.  These  members 
will  be  made  of  four  angles  and  a  web  plate  placed  between  the  gusset  plates,  and  entering  the  top 
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<diord  section.    The  size  of  the  angles  and  plate  will  be  determined  principally  by  convenience 
in  detailing  the  structure.    The  lateral  system  will  be  composed  of  single  angle  members. 

The  design  of  the  members  is  given  in  the  Table  VII,  but  for  the  sake  of  explanation  the 
complete  calculations  for  one  of  each  type  of  member  will  be  given.  The  size  of  most  of  the 
tnisB  members  will  depend  upon  the  width  of  the  top  chord  sections  so  the  top  chord  carrying  the 
largest  stress  will  be  designed  first. 

12.  Design  of  the  Top  Chord  UsUt. 

Dead  load  stress,  106,500  lb.  compression 

Live  load  stress,  54iOOO  "  compression 

Impact  stress,  14,600  "  compression 

Total  i75fioo  lb.  compression  (Record  in  Col.  3) 

Wind  load  stress,  o  (Record  in  Col.  4) 

Length  for  bending  in  a  horizontal  plane  168  in.  (Record  in  Col.  6) 

Length  for  bending  in  a  vertical  plane,  84  in.       (Record  in  Col.  6) 

The  width  of  the  cover  plate  should  be  at  least 

b  =  L/io  +  6  in.  -  70/10.+  6  -  13  in. 

and  taking  the  width  in  even  inches,  14  in.  will  be  used. 

Since  the  member  is  supported  at  the  center  against  bending  in  a  vertical  plane,  bending 
in  a  horizontal  plane  will  probably  control.  Approximate  radii  of  gyration  of  structural  sections 
are  given  in  Table  43,  Appendix  III.  The  approximate  radius  of  gyration  for  an  axis  perpendicular 
to  the  cover  plate  is  0.32b  for  this  type  of  section  or 

tb  =  0.32  X  14  -  4.48  in. 

Using  this  radius  of  gyration  and  the  corresponding  length,  the  approximate  allowable  unit 


S  -  16,000  -  70  X  168/4.48  -  13,380  lb.  per  sq.  in. 
The  approximate  area  required  is 

A  =  P/S  «  i75»ioo/i3,38o  =  13.07  sq.  in. 

The  gage  lines  of  the  cover  plate  will  not  be  farther  apart  than  14  -  2  X  ij  -  1 1.5  in.  allowing 
an  edge  distance  of  ij  in.  on  each  side.  The  thickness  of  the  cover  plate  must  be  at  least 
1/40  X  1 1.5  *=  0.288  in.  so  a  iV  in.  plate  must  be  used.  The  minimum  cover  plates  should  be 
used  whenever  possible.  Deducting  the  area  of  the  14  in.  X  A  in.  cover  plate  from  the  total 
area  required,  the  area  to  be  provided  by  the  two  channels  is 

13.07  -  4.38  =»  8.69  sq.  in. 
or  4.35  sq.  in.  for  each  channel. 

Since  the  same  general  dimensions  must  be  used  on  all  the  members  of  the  top  chord  and  end- 
post  the  other  members  must  be  kept  in  mind  in  choosing  the  section.  By  referring  to  the  stress 
sheet  it  is  seen  that  the  stress  in  the  end-post  is  less  than  one-half  as  great  as  the  one  under  con- 
eideration,  so  a  depth  of  channel  should  be  chosen  that  will  furnish  much  lighter  weights  than  the 
one  used  for  this  member.  Referring  to  a  table  of  the  properties  of  channels  it  is  seen  that  an 
8  in.  channel  @  16.25  lb.,  a  7  in.  channel  @  14.75  lb.  and  a  6  in.  channel  @  15.5  lb.  will  all  pro- 
vide sufficient  area  for  this  case  and  also  allow  considerable  reduction  in  area.  The  8  in.  channel 
@  16^5  lb.  will  be  tried. 

The  width  of  flange  of  a  8  in.  channel  @  16.25  lb.  is  2  J  in.,  and  the  gage  is  i  J  in.,  leaving  i  in. 
of  flange  projecting  beyond  the  gage.  The  rivet  line  of  the  cover  plate  should  therefore  not  be 
less  than  i  in.  from  the  edge  of  the  plate.  The  maximum  rivet  allowed  in  the  flange  of  a  8  in. 
channel  is  i  in.,  and  the  minimum  edge  distance  for  a  i  in.  rivet  is  i  J  in.    An  edge  distance  of  li  in. 
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I 
will  be  used  making  the  rivet  lines  of  the  plate  14  —  2)  »  ii)  inches  apart,  and  the  distanoe 
back  to  back  of  channels  i  li  —  3  -  8}  in. 

13.  Details  of  Design  of  UsUt. — The  properties  of  the  section  composed  of  2  channela 
8  in.  @  16.25  lb.  placed  8^  in.  back  to  back  and  a  cover  plate  14  in.  X  A  in-  ^^  now  be  calculated.  1 
See  Fig.  14.  I 

Area. — 

Channeb  2  X  4.78  «    9.55  sq.  in. 
Plate  4.38  -  _4^   "    " 

Total  »  13.94  sq.  in.  (Col.  14) 

CetUraid, — ^The  distance  from  the  axis  M-M  to  the  centroid  of  the  section  is  found  by  taking 
moments  about  axis  M-M  and  dividing  by  the  area 

Moment  of  channels  o 

Moment  of  plate       4-1^  X  4.38  ->  18.22 
Total  »  18.22 

e  -  18.22/13.94  -  1. 31  in. 

MometU  of  Inertia  Axis  A- A . — ^The  moment  of  inertia  about  the  axis  M-M  is  first  determined. 
The  value  of  I  a  is  found  by  subtracting  from  Ijgt  the  quantity  Ai?. 

Channels,  2  X  I  «  2       X  39.9    -    79-8  in.* 

Plate,  area  X  square  of  distance  from  center  to  M-M  —  4.38  X  4.16*  «    75.8   " 
Total  Im  =  155.6  in.* 

/a  -  /jf  -  iltf*  -  155-6  -  13.94  X  1.31*  =  1317  in.* 

MometU  of  Inertia  axis  B-B, — 

Channels,  2(1.78  +  4.78  X  4.81*)  »  224.76  in*. 

Plate,     ^b'd^  -  A  X  A  X  14*  =    71-50  " 
Total  «  296.26  in*. 

Bada  of  gyration. 

Axis  A-A,  rA^^^^;^  ^l'^^  -  3.07  in.  (Col.  7) 

Axis  B-B,  rs  "  Vt  "  Vlf  9/ " '♦'^^  ^-  (^^-  7> 

I  t68 

Value  of  -  for  bending  in  a  horizontal  plane,  —7-  *  36.4  (Col.  8) 

/                                                          84 
Value  of  -  for  bending  in  a  vertical  plane,      =  27.4  (Col.  8) 

Maximum  Ijr  allowed  for  main  compression  members  is  125  so  this  section  is  well  bek>w  the 
limit.  The  maximum  //r  occurs  for  bending  in  a  horizontal  plane  and  is  36.4.  The  allowable 
unit  stress,  5  =  16,000  —  7o//r  =  16,000  —  70  X  36.4  ■-  13,450  lb.  per  sq.  in.  (Col.  9) 

^  „  p/5  „  '75,100  ^  ^  .^  ((,^j  j^j 

13,450  o       -M         V  / 

Actual  area  is  13.94  sq.  in.,  so  the  section  assumed  is  satisfactory  as  sufficient  area  is  provided  and 
no  reduction  is  possible. 

14.  Design  of  Lower  Chord  LiLt'. 

The  lower  chord  carrying  the  maximum  stress  is  LtLt  so  this  member  should  be 
first. 
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Dead  load  stress,  106,500  lb.  tension 
Live  load  stress,  54,000  lb.  tension 
Impact,  14,600  lb.  tension 

Total         «  i75fioo  lb.  tension  (Col.  3) 
Wind,  10,230  lb.  tension  or  compression  (Col.  4) 

MThG  wind  load  tension  is  less  than  the  live  load  tension,  the  wind  load  tension  is  less  than  25  per 
«:3mt  of  the  sum  of  dead  load,  live  load,  and  impact,  and  the  wind  load  compression  is  less  than 
-m-hft  dead  load  tension,  so  the  wind  stress  may  be  neglected  (Col.  5}. 
The  net  area  required  for  this  member  is 

.  P         175,100  .        /^    1  X 

^'s-ii^'''>-9Ssq.m.  (Colli) 

l>educting  one  less  holes  than  there  are  gage  lines  on  the  angles  and  considering  a  }  in.  hole  for  a 
i  in.  rivet,  the  following  sections  could  be  used: 

2  angles  6"  X  6"  X  |",  net  area  =2(7.11  —  2  X  0.55)  «  12.02  sq.  in. 

2  angles  6"  X  4"  X  i",  net  area  =  2(6.94  —  2  X  0.66)  =  11.24  sq.  in. 
* 
No  material  thicker  than  i  in.  should  be  used  on  account  of  the  difficulty  in  punching,  so  if  two 
angles  are  used  one  of  the  above  sections  must  be  adopted.  A  more  satisfactory  section  can  prob- 
ably be  obtained  by  using  four  angles.  The  clearance  between  the  gusset  plates  must  be  calcu- 
lated before  the  angles  which  are  to  come  between  the  plates  can  be  determined.  •  This  distance 
will  be  made  the  same  for  both  upper  and  lower  chords.  The  thickness  of  the  gusset  plates  will 
be  determined  later  under  the  design  of  joints,  but  will  not  exceed  }  in.  The  distance  b.  to  b. 
of  channels  of  the  top  chord  is  8^  in.,  so  the  clear  distance  between  gusset  plates  is  at  least 
8|  —  2Xi»7}in.  To  provide  for  clearance  and  overrun  of  angles,  and  allow  drainage  the  turned 
in  legs  of  the  angles  should  not  be  larger  than  3}  in. 

The  net  area  provided  by  four  angles  5"  X  3i"  X  A"  is 

4(3-53  -  2  X  0.38)  =  11.08  sq.  in. 

The  required  net  area  is  10.95  sq.  in.  so  this  section  will  be  adopted  if  the  ratio  of  l/r  does  not 
exceed  200.  The  5  in.  leg  will  be  placed  vertical.  The  radius  of  gyration  about  the  horizontal 
axis  is  1.59  in.  (Col.  7),  and  the  length  is  168  in.  (Col.  6),  making  l/r  -  168/1.59  =»  106  which  is 
satisfactory  (Col.  8). 

The  other  members  are  designed  in  a  similar  manner,  the  results  of  the  calculations  being 
given  in  Table  VII. 

15.  Design  of  Jomts. — ^All  joints  will  be  designed  to  develop  the  full  strength  of  the  members 
and  not  simply  the  calculated  stress. 

The  gusset  plates  will  be  made  at  least  thick  enough  to  develop  in  bearing  the  strength  of 
the  rivets  in  single  shear.  Referring  to  Table  33,  Appendix  III,  this  thickness  is  seen  to  be  ^ 
in.  The  plates  must  be  of  sufficient  size  to  contain  the  necessary  rivets  and  to  carry  the  stresses 
transmitted  from  the  members. 

All  rivets  will  be  made  i  in.  in  diameter  except  those  in  the  flanges  of  channels  whose  depth  is 
less  than  8  in.  (See  Table  17,  Appendix  III,  maximum  rivets  for  channel  flanges.)  The  use  of 
lufi  angles  will  be  avoided  wherever  possible. 

The  allowable  values  for  rivets  in  shear  and  bearing  are  given  in  Table  33,  Appendix  III. 

The  arrangement  of  the  members  at  the  joints  is  shown  on  the  general  drawings,  Fig.  16. 
The  gage  lines  of  angles  are  placed  on  the  center  line  of  the  truss.  Where  an  angle  has  two  gage 
lines  the  one  nearest  the  back  is  used.  The  centers  of  gravity  of  the  top  chords  and  end-posts 
are  placed  on  the  center  line  of  the  truss.  The  size  of  gusset  plates  is  usually  determined  by 
the  space  required  for  the  rivets  necessary  to  connect  the  members  to  the  plate.    Except  in  extreme 
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cases  the  «ze  of  gusset  plates  required  by  the  rivets  will  be  sufficient  for  strength.  To  secure 
uniformity  of  stress  the  rivets  should  be  symmetrically  spaced. 

The  channels  to  be  used  for  the  top  chord  and  end-post  are  often  determined  by  the  thickness 
of  web,  for  bearing  on  the  web  may  determine  the  number  of  rivets  required  at  the  joint  Ux,  and 
the  number  of  rivets  determines  the  size  of  plate.  This  size  must  not  be  excessive.  In  the  design 
of  this  bridge  7  in.  channels  @  9}  lb.  were  found  to  be  satisfactory  for  strength,  but  the  thickness 

of  web  is  only  0.21  in.  This  required  7e  %•  21  y  ai  ooo  ^  ^^  ^^^  rivets  for  the  member  UiUt. 
Only  two  lines  of  rivets  can  be  placed  in  a  7  in.  channel,  so  the  plate  required  was  excessively  large. 
By  using  7  in.  channels  ©12^  lb.  the  thickness  of  web  is  increased  to  0.318  in.,  which  would  require 

— ■ —  =  30  shop  rivets.    To  avoid  alterations  in  the  design  it  is  desirable  to  design 

5i3oo 

and  detail  the  joint  Ui  before  the  top  chord  channels  are  finally  adopted.     In  this  design  8  in. 

channels  were  adopted  because  three  rows  of  rivets  could  be  used. 

16.  Joint  Ui. — ^This  joint  should  be  designed  first  because  the  size  of  channels  may  be  deter- 
mined by  the  number  of  rivets  required  at  the  end  of  Ui  Ut,  It  would  be  advantageous  to  design 
this  joint  before  the  top  chord  and  end-post  channels  are  selected. 

A  diagram  showing  the  stresses  in  members  fastened  to  the  gusset  plate  at  Z7i,  is  given  in  Fig. 

14. 

The  gusset  plates  will  be  shop  riveted  to  the  member  UiUt  and  field  riveted  to  all  other 
members. 

Bearing  controls  the  number  of  rivets  in  LoU\  at  Ui,    The  number  of  field  rivets  required 
.„ .  148,200  ^    .. 

^  **  .75  X  .72  X  20.000  -  45  or  33  on  each  «de. 

The  number  of  shop  rivets  in  UiUt  at  joint  Ui  is  determined  by  bearing,  and  is 
149,600 


.75  X  .22  X  24,000 


"  38  or  19  on  each  side. 


The  number  of  field  rivets  in  UiLi  at  joint  Ui  is  determined  by  shear,  and  is  ,  ';^     ■=  20 

4,420 

or  10  on  each  side. 

17.  Joint  Lo. — Cast  iron  shoes  will  be  used  at  the  fixed  end,  and  cast  iron  rockers  at  the 
expansion  end.     The  details  of  the  shoes  and  rockers  are  shown  in  Fig.  15. 

The  pin  at  Lo  should  be  made  as  large  as  the  channels  of  LoUi  will  permit  even  though  a 
smaller  pin  would  safely  carry  the  stresses.  The  sizes  in  most  common  use  are  3,  3}  and  4  inches 
in  diameter.  The  channeb  of  the  end- post  are  8  X  ui  lb.  A  pin  3  in.  in  diameter  will  be  used 
if  the  following  investigation  shows  it  to  have  sufficient  strength. 

For  the  detail  here  used  the  forces  acting  on  the  pin  are  all  vertical  and  have  a  magnitude 
equal  to  one-half  of  the  maximum  pedestal  reaction.  This  maximum  will  occur  with  the  bridge 
fully  loaded  and  will  equal  one-half  of  the  sum  of  the  dead  load,  live  load  and  impact  joint  loads, 
multiplied  by  the  number  of  panels  or 

R  =  i(i7.750  +  9.000  +  0.27  X  9»ooo)5  -  73»ooo  lb. 
The  arrangement  at  the  joint  is  shown  in  Fig.  14. 

The  thickness  of  the  gusset  plate  is  determined  by  the  bearing  area  required,  and  is 

,«^6,500_^ 
3  X  24,000 

The  thickness  of  the  channel  web  is  0.22  in.,  making  the  required  thickness  of  the  gusset  plate  equal 
to  0.51  —  0.22  «  0.29  in.  A  A'in-  plate  would  satisfy  this  requirement,  but  a  |-in.  plate 
will  be  used. 

The  maximum  bending  moment  in  the  pin  is 

M  =  36,500  X  1. 7 1  -  62,400  in.  lb. 
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Tlie  maxiinuin  shear  on  the  pin  is 

V  -  36,500  lb. 

The  ^'^"^ft**"'  required  by  bending  moment  is 

The  diameter  required  by  shear  is 

The  3-in.  pin  is  therefore  satisfactory  and  will  be  used.  For  bending  moments  on  pins  see  Table 
27,  Appendix  III. 

A  diagram  showing  the  members  fastened  to  the  gusset  plates  at  Lo  is  given  in  Fig.  14.  The 
stresses  shown  were  determined  by  multiplying  the  allowable  unit  stresses  by  the  gross  area  for 
conapression  members  and  by  the  net  area  for  tension  members.  These  values  are  taken  from  Table 
VII.  The  end-post  will  be  shop  riveted  to  the  gusset  plate,  and  the  lower  chord  and  floorbeam 
will  be  field  riveted. 

The  number  of  }-in.  shop  rivets  required  in  LoUi  at  joint  Lq  is  determined  by  bearing  on  the 

web  of  the  channels,  and  is 

148,200  o  1.    -J 

^^      \^ =  38  or  19  on  each  side. 

.75  X  .22  X  24,000      ''  ^ 

The  number  of  }  in.  field  rivets  required  in  LoLi  at  joint  Lo  is  determined  by  single  shear, 
and  is 

^^      =  15  or  8  on  each  ade. 
4,420         ^ 

The  number  of  1-in-  field  rivets  required  between  the  connection  angles  of  the  floorbeam 
and  the  gusset  plate  is 

27,900 

-^^2rr  a  7  rivets. 

4,420       ' 

The  section  area  of  gusset  plate  required  to  carry  the  stress  in  LoLi  is  equal  to  the  net  area 
of  the  member,  or  4.02  sq.  in.  With  two  gusset  plates  each  |  in.  thick  the  effective  net  width 
must  be 

4.02 

It  is  evident  from  the  detail  drawings  that  sufficient  area  has  been  provided. 
The  number  of  field  rivets  required  for  all  bottom  laterals  is 

0.73X20,000^      .^^^ 
1.25  X  3.7SO       "^ 

18.  Jomt  Li. — ^A  diagram  showing  the  members  fastened  to  the  gusset  plates  at  Li  is  given 
in  Fig.  14.    The  stresses  shown  are  determined  as  explained  under  the  design  of  the  joint  Lo. 
The  gusset  plates  will  be  shop  riveted  to  LiLt  and  field  riveted  to  all  other  members. 
The  number  of  i-in.  field  rivets  required  by  UiLi  is  determined  by  single  shear,  and  is 

^*^      s  20  or  10  on  each  side. 
4,420 

The  number  of  f-in.  field  rivets  required  by  LiUt  is  determined  by  single  shear,  and  is 


55f4"^  ^  13  or  7  on  each  side. 
4,420 
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The  number  of  {-in.  6eid  rivets  required  by  I«Lt  is  determined  by  single  shear,  and  is 

-^^2 —  =  15  or  8  on  each  side. 
4,420 

The  bottom  lateral  plate  is  field  connected  to  this  member  and  will  assist  in  transmitting  stress 
from  LoLi  to  LiLt.  The  maximum  stress  which  can  be  carried  in  this  way  is  equal  to  the  stress 
value  of  the.  legs  riveted  to  the  plate.  This  stress  value  should  be  determined  for  I«Li  and  L\Lt 
and  the  lesser  value  used.  It  is  evident  that  LoLi  controls.  The  portion  of  the  net  area  furnished 
by  the  attached  legs  is  4.02  X  3.5  +  8.5  »  1.66  sq.  in.  which  carries  a  stress  of  1.66  X  16,000 
a  26,500  lb.    The  number  of  rivets  required  to  develop  this  stress  in  single  shear  is 

?5i52?,  6  rivets 
4,420 

so  the  number  of  rivets  between  the  lateral  plate  and  the  angles  of  LoLi  is  3  for  each  angle.    This 

enables  the  rivets  in  the  gusset  plate  to  be  reduced  to  8  —  3  »  5  on  each  side.    If  more  rivets 

are  used  in  the  lateral  plate  only  three  can  be  cou  nted  on  each  side  in  reducing  the  number  of 

rivets  in  the  gusset  plates. 

The  number  of  i-in.  shop  rivets  req  uired  for  LiLt  is  determined  by  bearing  on  the  gusset  plate. 

A  f-in-  gusset  plate* will  be  used  so  the  number  required  is 

153,000  ,     ., 

-^ »  23  or  12  on  each  side. 

6,750 

This  number  can  be  reduced  by  3  for  each  side  as  calculated  under  I«Li  making  9  on  each  side,  not 

considering  the  difference  in  value  of  field  and  shop  rivets  in  this  case. 

The  number  of  field  rivets  required  at  the  ends  of  the  bottom  laterals  is  3  as  calculated  under 
the  joint  Lo.    This  number  will  be  used  throughout  the  bridge. 

The  number  of  f-in.  field  rivets  required  for  the  floorbeam  connection  is  the  same  for  all 
intermediate  floorbeams  and  is 

25i52?=8riveU. 
4,420 

19.  Joint  Uf. — ^The  arrangement  of  the  members  connected  to  the  gusset  plates  at  27s  is 
shown  in  Fig.  14.    The  stresses  are  calculated  as  explained  under  the  joint  Lo. 

The  memb^  U%Ui  will  be  shop  riveted  to  the  gusset  plate.  All  other  members  will  be  field 
riveted. 

When  a  member  is  spliced  at  a  point  away  from  the  joint  and  the  abutting  ends  are  milled, 
the  splice  is  usually  designed  to  carry  from  50  to  75  per  cent  of  the  total  stress.  If  the  ends  are 
not  milled  the  full  stress  should  be  used.  In  the  bridge  under  consideration  the  splice  is  placed 
at  the  joint.  If  the  abutting  ends  are  milled  the  member  carrying  the  smaller  stress  would  be 
designed  to  carry  50  to  75  per  cent  of  this  stress,  while  the  member  carrying  the  larger  stress 
would  be  designed  to  carry  50  to  75  per  cent  of  the  smaller  stress  plus  the  total  value  of  the  dif- 
ference in  the  two  stresses. 

If  the  splice  is  at  the  joint  and  the  members  are  not  milled  each  connection  should  be  designed 
to  carry  full  stress  in  the  member.  As  the  stresses  are  not  large  enough  to  require  excessive 
gutet  plates  if  the  connections  are  designed  for  the  full  stress,  and  considering  the  uncertainty 
of  the  bearing,  this  method  will  be  adopted  and  no  reliance  will  be  placed  on  the  milled  ends. 

The  number  of  1-in.  field  rivets  required  for  UiU%  is  determined  by  bearing,  and  is 

149,600  ^  ... 

-ZTTr^^^ ~  46  or  23  on  each  side. 

.75  X  .22  X  20,000      ^  '^ 

The  14  in.  X  A  in*  cover  plate  should  be  spliced  for  its  full  stress  value  of  4.38  X  i3t4<Bo  ~  59,ooo 

lb.    The  number  of  field  rivets  required  at  one  side  of  the  splice  is 

59,000  .    ^ 

^^ —  -  14  nvets. 
4,420 

BO  the  number  of  rivets  required  in  the  gusset  plates  can  be  reduced  to  23  —  7  »  16  on  each  side. 
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The  number  of  }  in.  shop  rivets  required  for  UtUi  is  determined  by  single  shear,  and  is 

187,600        ,0  .. 

— ^^ —  =  36  or  18  on  one  side. 
5»300 

The  number  of  i  in.  shop  rivets  required  to  develop  the  cover  plate  is  (field  rivets  were  used) 

52i22?,  Privets 

5,300 

90  the  number  of  rivets  required  in  gusset  plates  can  be  reduced  to  18— 6  =  12  on  each  side. 
The  number  of  i-in.  field  rivets  required  for  LiUt  is  determined  by  single  shear,  and  is 

^^ —  «-  13  or  7  on  each  side 
4,420 

and  for  U%Lt  is 

^      =  14  or  7  on  each  side. 
4,420         ^      ' 

20.  Joint  Li. — ^The  member  LiLt  will  be  shop  riveted  to  the  gusset  plate.  All  other  members 
win  be  field  riveted. 

The  number  of  {-in.  shop  rivets  required  in  LiL%  is  determined  by  bearing  on  the  f-in.  gusset 

plate.     The  number  is 

153,000  ,     . , 

-^ —  =  23  or  12  on  each  side. 

The  bottom  lateral  plate, is  shop  riveted  to  LiLt  and  field  riveted  to  LtLi.  The  stress  value 
of  the  legs  riveted  to  this  plate  can  be  transmitted  through  the  plate.  The  stress  value  of  LiLf 
oontrob.  The  portion  of  the  net  area  furnished  by  the  legs  is  9.54  X  3.5  +  8.5  =  3.92  sq.  in., 
which  carries  a  stress  of  3.92  X  16,000  »  63,000  lb.  The  number  of  {-in.  shop  rivets  required 
to  develop  this  stress  in  single  shear  is  63,000/5,300  =  12  rivets,  so  that  the  number  of  rivets 
between  the  lateral  plates  and  the  angles  of  LiLt  is  3  for  each  angle.  This  enables  the  number  of 
rivets  in  the  gusset  plate  to  be  reduced  to  12  —  6  or  6  rivets  on  each  side. 

The  number  of  {-in.  field  rivets  required  for  UtLt  is  determined  by  single  shear,  and  is 

-^ —  =  14  or  7  on  each  side. 
4,420         *      ' 

The  number  of  i-in.  field  rivets  required  for  LtUi  is  determined  by  bearing,  and  is 

^^ —  =  10  or  5  on  each  side. 
3.750 

The  number  of  {-in.  field  rivets  required  for  LtLt  is  determined  by  bearing  on  the  |-in.  gusset 
plate,  and  is 

'  *^ —  =  32  or  16  on  each  side. 
5,630 

This  number  may  be  reduced  by  6  on  each  side  as  calculated  under  LiLt,  making  10  on  each  side 
not  considering  the  difference  in  value  in  shop  and  field  rivets. 

21.  Joint  Uf — The  number  of  {-in.  field  rivets  required  for  LtUi  is  determined  by  bear- 
ing, and  is 

39»ioo  .     ., 

^^ —  =  10  or  5  on  each  side. 
3,750 

The  number  of  rivets  at  joint  Ut  between  the  upper  chord  and  gusset  plate  must  be  sufficient 
to  transfer  to  the  gusset  plate  the  maximum  difference  in  stress  between  the  members  UtUi  and 
UtUt.  This  occurs  when  UtLt  has  its  maximum  stress.  The  difference  is  fP-tan  6  +  impact 
-h  difference  in  dead  load  stresses  ■«  |  X  9,000  H-  .27  X  ♦  X  9,000  H-  o  =  10,800  H-  2,920  * 
13,720  (The  stress  in  U%Ui  and  UtU%'  may  be  calculated  by  algebraic  moments,  with  loads  at 
Lt  and  Li.    This  serves  as  a  check  method.) 
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The  number  of  {-in.  shop  rivets  required  in  U%U%  at  11%  will  be  determined  by  single  shear, 
and  is 

13*720 
5.300 


'  3  nvets. 


In  order  to  make  a  firm  connection  a  greater  number  will  be  used. 

22.  End  Bearings. — Rocker  or  roller  bearings  are  required  on  spans  of  70  ft.  or  more,  so  must 
be  used  for  this  bridge. 

33.  Deagn  of  Cast  Iron  Rockers.    The  type  of  rocker  shown  in  Fig.  15  will  be  used.    The 
maximum  pedestal  reaction  as  determined  in  par.  17,  is  73,000  lb.    The  area  of  each  masonry  plate 

T%  000 
must  be    >^^     =  121  sq.  in.,  where  600  is  the  allowable  bearing  stress  on  concrete  masonry. 

The  length  of  the  rocker  will  be  taken  as  23  inches  so  the  bearing  stress  between  the  rocker  and 

the  plate  is  ^  =*      '        «  3fi70  lb.  per  lineal  inch.    The  allowable  bearing  stress  is  300  d 

pounds  per  lineal  inch  or  300  X  18  »  5,400  lb.  per  lin.  in. 


Cast  iron  Rocker 


Forces  on  Rocker 


^^Cfi^ 


I      Z'     3\      1, 

fTTTmrjTTn- 


ib)  Pedestal^  Fixed  End 

Fig.  15. 


Forces  on  pedestal 


The  forces  acting  on  the  rocker  are  shown  in  Fig.  15.    The  section  will  be  investigated  as  a 
cantilever  beam  with  an  effective  length  of  11 J  —  (si  +  i\)  =  4I  in., 


M%  =  3,170  X 


4.88'  _ 


37,700  in.-lb. 


Mt^  -  3,170  X  ^^^  +  36,500  X  5.88  «  +  4,750  in.-lb. 


The  moment  of  inertia  of  this  section,  graphically  determined,  is  28.88  in.^  c 
largest  bending  stress  is 

„      M^     37,700  X  2 
•^  "    /    "      28.88 


2  in.,  so  the 


2,610  lb.  per  sq.  in. 
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which  is  safe,  so  a  depth  of  4  inches  is  sufficient  for  bending.  The  shear  to  the  left  of  the  upright 
is  4.88  X  3»i70  -  i5»46o  lb.  and  to  the  right  is  (11.50  -  513)3.170  -  36,300  -  16,300  lb.  The 
section  area  is  31.04  sq.  in.  so  the  largest  average  unit  shear  is 

^-5a5lb.per«,.in. 

The  depth  of  4  inches  is  sufficient  for  bending  and  shear  so  will  be  used. 

The  thickness  of  the  upright  will  be  determined  by  the  bearing  area  on  the  pin.     Using  an 
allowable  bearing  stress  of  9,000  lb.  per  sq.  in.  for  cast  iron,  for  a  3-inch  pin,  we  have  2X3X1^* 
X  9,000  =■  73,000  or  /  -  1.35  inches,     i  J  inches  will  be  used. 

The  unsupported  length  of  the  upright  is  5  inches  and  with  a  thickness  of  li  inches,  there 
will  be  no  column  action.  ^^ 

The  type  of  pedestal  shown  in  Fig.  15  will  be  used  at  the  fixed  end.    The  same  bearing  streas^ 
on  the  masonry  exists  here  as  at  the  expansion  end.    The  forces  acting  are  shown  in  Fig.  15.^ 
The  maximum  bending  moment  is  —  37>700  in.-lb.    The  moment  of  inertia  of  the  section  is 
A  X  12  X  2.5»  -  15.6  in*. 

5-37>7ooXi.25,3^^^^^p^^^ 

15.0  5^ 

The  maximum  shear  is  16,300  lb.,  and  the  maximum  average  unit  shear  is  ^ 

16,300        «  ^  iL  .  ' 

3^X12  "  5^  ^^'  P^""  ^'  ^^'  ^f 

The  uprights  will  be  the  same  as  at  the  expansion  end.    The  unsupported  length  is  7  incheSi^^ ' 
which  is  not  sufficient  to  require  an  investigation  as  a  short  column. 

24.  General  Drawings. — ^The  general  drawings  are  shown  in  Fig.  16. 
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CHAPTER  XIV. 
Design  of  High  Truss  Steel  Highway  Bridges. 

IntrodaetiQii. — ^The  different  tjrpes  of  trusses  in  use  for  high  truss  bridges  are  described  in 
Chapter  VIII.  Through  truss  bridges  with  spans  of  from  80  to  160  feet  are  built  with  parallel 
chords,  and  with  either  pin-connected  or  riveted  joints.    For  spans  of  160  to  200  feet,  bridges  are 
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Fig.  3.    Hicm  Truss  Steel  Highway  Bridge.    Wisconsin  Highway  Commission. 

usually  built  of  the  Pratt  type  with  inclined  upper  chord  (camel-back)  trusses.     For  spans  of 
200  feet  and  over,  bridges  are  usually  built  with  subdivided  panels.    The  Petit  type  of  truss  has 
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TABLE  I. 

Summary  of  Weight  of  Mbtal. 

Ill'  6"  X  i8'  o"  Riveted  Highway  Bridge. 


R«f.  No. 

Member. 

Weight!. 

Details  Per  Cent 
of  Main  Memben. 

Main  Memben. 

DetaUs. 

Total. 

I 
2 

3 
4 

1 

7 
8 

•      12 

13 
14 

;i 

17 

End-posts. 

Top  Chords. 

Lower  Chords. 

Intermediate  Posts. 

Main  Ties. 

Hip  Verticals. 

Counters. 

Floorbeams. 

Struts. 

Top  Laterals. 

Bottom  Laterals. 

Portals. 

Pins  and  Nuts. 

Pedestals. 

5»S92 
5,900 
5,232 
2,436 

.     1,156 

531 

843 

1,732 

3,892 
3,942 

2,835 

163 

109 

2,230 

544 

35 

182 

620 

86 

1,949 

9,484 
9,842 

5,674 

3,658 

1,019 

1,265 

10,580 

1,025 
1,949 

67.0 
67.0 

8.5 

1 16.0 

15.0 

19.0 

9.0 
27.0 
36.0 

7.0 
21.0 
36.0 

37,298 

17,503 

54,801 

46.9 

Total  Weight  of  Metal  in  Bridge,  exclusive  of  9,  10,  11,  18  and  19  =  54,801  lb.                           J 

9 
10 
II 
18 
19 

Joists. 
Hub  Guard. 
End  Struts. 
Bolts  for  Lumber. 
Spikes  for  Lumber. 

23,852 

2,392 

469 

2,200 
.267 

389 

26,052 
2,659 

389 

9.0 
1 1.0 
36.0 

26,713 

3,388 

30,101 

13.0 

Total  Meul  in  Bridge. 

64,011  ' 

20,891 

84,902 

33.0 

TABLE  II. 

Data  on  Standard  Steel  High  Truss  Highway  Bridges. 

Wisconsin  Highway  Commission. 


Span.  Ft. 

Height  of  Tnassp 
Ft. 

Number  of  Panels. 

Weight  of  Structural  Steel  In  Trusses.  Floorbeams 
and  lateral  Bradng. 

16  Ft.  Roadway.  Lb. 

x8  Ft.  Roadway,  Lb. 

96 
100 
105 
112 
120 
128 

140 
150 

18 

18 

20 

20 

20 

20 

22 

f20 

127 

f20 

I  28 

6 
6 
6 

7 
7 
8 
8 

8 
8 

34,200 

36,500 
38,900 
42,500 
52,800 
54,900 
58,300 

65,800 
70,500 

37,800 

39,820 

43,370. 

46,000 

56,300 

59,700      • 

61,040 

71,870 
76,680 

Reinforcing  per  lineal  foot 
Railing  per  Imeal  foot 
Concrete  per  lineal  foot 

40  lb. 

10  lb. 

0.296  cu.  yd. 

43  lb. 

191b. 

0.347  cu.  yd. 
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been  commonly  used  for  long  span  bridges,  but  the  K-type  of  truss  has  the  advantage  of  smaller 
secondary  stresses  and  simplicity  of  design  and  ease  of  erection,  and  is  rapidly  coming  into  use. 
High  truss  pin-connected  bridges  should  never  be  built  with  less  than  five  panels. 

The  Iowa  Highway  Commission  uses  high  trusses  for  spans  of  loo  ft.  and  over,  riveted  with 
parallel  chords  to  140  ft. 

The  Illinois  Highway  Commission  uses  high  trusses  for  spans  of  90  ft.  and  over,  riveted  with 
parallel  chords  to  160  ft.  For  spans  longer  than  160  ft.  trusses  may  be  riveted  or  pin-connected 
with  parallel  or  inclined  chords. 

The  Massachusetts  Public  Service  Commission  uses  high  trusses  for  spans  of  100  ft.  and  over, 
riveted  to  125  ft.,  and  riveted  or  pin-connected  for  spans  over  125  ft. 


-J -W  .  ;j^?^!^i 


/M&'' 


Fig.  4.    Detail  Plans  of  Through  Truss  Span.    Wisconsin  Highway  Commission. 


The  Wisconsin  Highway  Commission  uses  high  trusses  of  the  Pratt  type  with  riveted  con- 
nections for  spans  of  80  to  150  ft. 

The  American  Bridge  Company  has  prepared  standards  of  high  trusses  of  the  Warren  type 
with"span8  of  104  to  204  ft.  with  riveted  connections.  The  bridges  have  parallel  chords  up  to 
150  ft.  and  inclined  chords  for  longer  spans. 

HIVETED  HIGHWAT  BRIDGES.— The  detail  shop  plans  of  a  iii-ft.  6-in.  span  riveted 
Pnitt  truss  highway  bridge,  as  built  for  the  U.  S.  Government  by  the  Chicago  Bridge  and 
Iron  Co.,  Chicago,  111.,  are  shown  in  Fig.  i  and  Fig.  2.  The  top  chords,  the  end-posts  and  the 
intermediate  posts  are  made  of  two  channels  laced  on  both  sides,  while  the  bottom  chords,  hip 
verticals  and  diagonal  ties  are  made  of  two  angles  fastened  together  with  tie  plates.  The  floor- 
beams  are  18"  @  55  lb.  I  beams  and  are  riveted  below  the  lower  chords.     The  joists  are  carried 
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by  connection  angles  riveted  to  the  webe  of  the  floorbeams.  The  portals  and  the  sway  struts 
are  made  of  angles.  The  top  and  bottom  laterals  are  made  of  adjustable  rods.  The  expanaba 
end  of  the  bridge  is  carried  on  two  nests  of  expansion  rollers,  each  nest  being  composed  of  four 
3f  in.  rollers.  The  floor  covering  is  composed  of  a  bottom  layer  of  3  in.  X  8  in.  pine  plank  laid 
transversely  and  spiked  to  3  in.  X  5  in.  spiking  strips  that  are  bolted  to  the  tops  of  the  joists, 
and  a  top  layer  of  3  in.  X  8  in.  oak,  laid  diagonally.  The  6  in.  X  8  in.  pine  felloe  (wheel)  guard 
has  its  edge  protected  by  an  angle  3"  X  3"  X  \".  The  detailed  estimate  of  the  weight  of  this 
bridge  is  given  in  Table  I.  The  per  cent  of  details  in  this  bridge  is  quite  high,  due  to  the  fact  that 
the  end-posts  and  the  top  chords  are  made  of  two  channeb,  laced. 


TABLE  III. 

Standard  Steel  Through  Truss  Span»--Gbnbral  Data  and  Estuiatbd  Quantities, 

Iowa  Highway  CoioassioN. 


* ; .       -.-'/?// 

.  i     ^"Mo 

H 

^ 

i       p 

Ti---jfe»fe...-T 

TRANSVERSE  FLOOR  SECTION 

Hp-iiban-lic.  Boftom-fibirs'lZl 

\        ^'. 

fefe?^ 

Stagger  bottom  ban  mtti  fop. 
lonjgifudmat  Reinforcing: 

SECTION  OF  moeE  SEAT 

i'bar  between  each  pair  of  joists. 

Spanmiul 

Hdghtof 

Number 
of 

Center  to 
Center 

Height  of 
Parapet. 

Stractnzal  Steel. 

FI001 

r. 

Trusses. 

R<»dway. 

Truss. 

Paneb. 

of  Trusses. 

Biadng. 

Floorbeams. 

etc. 

Joists. 

Total 

RelQfon> 
lag. 

Con- 
cretes 

ft. 

ft. 

ft.   in. 

ft.     in. 

lb. 

lb. 

lb. 

lb. 

cu.  yd. 

90X  16 

20 

s  • 

17    3 

\f 

39,200 

14,500 
16.500 

53,700 

2,960 

273 

90X18 

20 

5 

19    3 

43,900 

60,400 

3,370 

3a8 

100  X  16 

20 

6 

17    3 

3     ' 

49,300 

16,200 

65,500 

3,270 

30.1 

looX  18 

20 

6 

19    3 

3    sA 

54,300 

18,400 

72,700 

3,710 

33.9 

iioX  16 

20 

6 

17    3 

3    Of 

53,400 

17,700 

71,100 

3,600 

331 

no  X  18 

20 

6 

19    3 

3    41 

59,000 

20,100 

79,100 

4,070 

37-2 

120  X  16 

21 

7 

17    4 

3     lA 

64,300 

19,400 

83,700 

3,930 

36.1 

120  X  18 

21 

7 

19    4 

3    51 

70,600 

22,000 

92,600 

4,460 

40.8 

130  X  16 

21 

7 

17    4 

3     if 

70,400 
77,600 

24,400 

94,800 

4,250 

39.1 

130  X  18 

21 

7 

19    4 

3    5f 

27,800 

105,400 

4,820 

44-1 

140X16 

21 

8 

17    4 

3    off 

81,300 

22,600 

103,900 

4,570 

42.0 

140  X  18 

21 

8 

19    4 

3    4 

89,500 

25,700 

115,200 

5,200 

47.5 

ISO  X  16 

28 

8 

17    4 

3     iJ 

87,200 

28,200 

115,400 

4,900 

45-0 

150  X  18 

28 

8 

19    4 

3    sA 

96,200 

32,100 

128,300 

5,570 

50.9 

General  design  plans  and  data  for  a  high  truss  steel  highway  bridge  with  a  span  of  112  ft. 
and  an  18  ft.  roadway,  as  designed  by  the  Wisconsin  Highway  Commission  are  given  in  Fig.3. 
Detail  drawings  of  a  120  ft.  span  high  truss  bridge  are  given  in  Fig.  4.  Standard  plans  have  been 
prepared  for  spans  of  from  90  to  150  ft.,  with  16  ft.  and  18  ft.  roadway.  All  spans  have  one  end 
carried  on  rockers  as  shown.  Data  on  these  standard  bridges  are  given  in  Table  II.  These 
designs  have  been  worked  out  very  economically  by  Mr.  M.  W.  Torkelson,  bridge  engineer,  and 
represent  about  the  extreme  economy  in  design  that  will  conform  to  good  practice. 
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Details  of  a  high  truss  steel  highway  bridge  as  designed  by  the  Iowa  Highway  Commission 
are  given  in  Fig.  5.  Standard  plans  have  been  prepared  for  spans  of  90  ft.  to  150  ft.,  varying 
by  10  ft.  intervals,  and  with  roadways  of  16  ft.  and  18  ft.  All  spans  have  one  end  carried  on  rockers 
as  shown.  Data  on  these  standard  bridges  are  given  in  Table  III.  The  designs  are  well  worked 
out  and  represent  good  practice,  except  that  the  collision  strut  in  the  first  panel  should  be  omitted. 

Details  of  a  120  ft.  span  riveted  truss  steel  highway  bridge  designed  by  Mr.  H.  S.  Crocker, 
consulting  engineer,  Denver,  Colorado,  are  shown  in  Fig.  6  and  Fig.  7.  This  bridge  has  a  timber 
floor  carried  on  timber  joists.  The  expansion  end  of  the  bridge  is  carried  on  3  in.  steel  rollers. 
This  bridge  was  designed  for  country  roads  and  represents  good  practice. 

PIK-CONNECTBD  HIGHWAY  BRIDGES.— Shop  details  of  a  132-ft.  span  pin-connected 
steel  highway  bridge  designed  for  the  Reclamation  Service  are  given  in  Fig.  8,  Fig.  9,  and  Fig.  10. 
The  3-in.  timber  floor  is  carried  on  steel  joists.  The  expansion  end  of  the  bridge  is  carried  on  steel 
rollers.  The  details  of  this  bridge  are  well  worked  out,  and  the  plans  are  very  complete.  The 
estimated  weight  of  this  span  not  including  steel  joists  and  fence  was  44,670  lb. 

The  general  drawings  and  stress  sheet  for  the  224  ft.  by  18  ft.  span  steel  truss  highway  bridge 
built  over  the  Big  Vermillion  River  in  La  Salle  County,  Illinois  is  shown  in  Fig.  11.  This  crossing 
consists  of  one  224  ft.  steel  truss  bridge  and  four  45  ft.  reinforced  concrete  through  girder  spans, 
on  rdnforoed  concrete  piers  and  abutments.  A  view  of  the  complete  bridge  is  shown  in  Fig.  4, 
Chapter  XVII.  This  bridge  was  designed  in  19 14  under  the  specifications  for  steel  highway 
bridges  prepared  by  the  Illinois  Highway  Commission.  The  allowable  tensile  stress  in  eye-bars 
was  18,000  lb.  per  sq.  in.  The  4-in.  reinforced  concrete  slab  floor  was  covered  with  a  4-in.  con- 
crete wearing  surface. 

Economic  Depth  and  Panel  Length  of  Trusses. — ^The  economic  depth  and  panel  length  of 
trusses  is  not  capable  of  mathematical  calculation.  The  minimum  depth  is  determined  by  the 
required  dear  head  room,  which  varies  from  12)  to  15  ft.  Short  panel  lengths  give  heavy  trusses 
and  light  floor  systems;  while  long  panels  give  light  trusses  and  heavy  floor  systems.  For  ordinary 
conditions  it  is  not  economical  to  use  panel  lengths  less  than  15  ft.  for  short  spans  nor  more  than 
25  ft.  for  long  spans.  The  minimum  depth  for  through  spans  is  about  16  feet  where  the  floor- 
beams  are  placed  below  the  lower  chords.  To  make  a  stiff  structure,  the  depth  should  be  sufficient 
to  permit  the  placing  of  the  floorbeams  above  the  lower  chords  and  to  permit  of  efficient  portal 
and  sway  bracing.  Experience  has  shown  that  the  most  economical  conditions  occur  when  the 
angle  B,  the  tangent  of  which  is  the  panel  length  divided  by  the  depth,  is  about  40  degrees.  The 
top  chord  points  of  bridges  with  inclined  chords  should  be  approximately  on  a  parabola  passing 
through  the  pin  at  the  hip.    For  a  discussion  of  economic  span  of  bridges,  see  Chapter  XV. 

Depth  and  Panel  Length  of  ffigh  Trusses. — ^The  depths  and  number  of  panels  in  Iowa 
Highway  Commission  high  truss  riveted  bridges  are  as  follows:  Pratt,  riveted  trusses,  90-ft. 
span,  5  panels,  20  ft.  deep;  loo-ft.  and  iio-ft.  spans,  6  panels,  20  ft.  deep;  120-ft.  span,  7  panels, 
20  ft.  deep;  140-ft.  span,  8  panels,  21  ft.  deep.  The  depths  and  number  of  panels  in  Wisconsin 
Highway  Commission  high  truss  riveted  bridges  are  as  follows:  90  ft.  and  96  ft.  span,  6  panels, 
18  ft.  deep;   loo-ft.  span,  6  panels,  20  ft.  deep;   105-ft.  span,  7  panels,  20  ft.  deep;   120-ft.  span, 

8  panels,  20  ft.  deep;  128-ft.  span,  8  panels,  21  ft.  deep;  140  -ft.span,  8  panels,  20  ft.  deep,  at  hip 
and  27  ft.  deep  at  center;  150-ft.  span,  8  panels,  20  ft.  deep  at  hip  and  28  ft.  deep  at  center. 

The  depths  and  number  of  panels  in  American  Bridge  Company's  high  truss  bridges  are  as 
follows:  Riveted  and  pin-connected  trusses  with  parallel  chords,  8o-ft.  to  90-ft.  span,  5  panels, 
depth  equal  to  panel  length;  90-ft.  to  120-ft.  span,  6  panels,  depth  equal  to  panel  length;  120-ft. 
span  to  140-ft.  span,  7  paneb,  depth  equal  to  panel  length,  120-ft.  to  i68-ft.  span,  8  panels,  ratio 
of  depth  to  panel  length  i.i.    For  bridges  with  inclined  chords  with  spans  of  162  ft.  to  180  ft., 

9  panels,  and  ratios  of  depth  to  panel  length  of  i.o  ,1.16,  1.25  and  1.29;  190-ft.  to  220-ft.  span, 
9  panels  and  ratios  of  depth  to  panel  length  of  i.o,  1.24,  1.28  and  1.43.  For  Petit  trusses,  240-ft. 
to  276-ft.  span,  12  panels,  and  ratios  of  depths  to  panel  length  of  1.0,  1.4,  1.6  and  1.7;  294-ft.  to 
322-ft.  span,  14  panels,  and  ratios  of  depth  to  panel  length  of  1.0,  1.36,  1.60,  1.8  and  2.0. 


Digitized  by 


Google 


216. 


DESIGN  OF  HIGH  TRUSS  STEEL  HIGHWAY  BRIDGES.    Chap.  XIV. 


I 
1^ 


IS- 

I, 


4-^ 


ts     F     i  "^  **v 


o 
£ 


Digitized  by 


Google 
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The  Design  of  a  112  ft.  Span  High  Riveted  Pratt  Truss  Bridge. 

1.  General  Description  of  Bridge. — ^This  is  to  be  a  through  bridge  having  riveted  Pratt 
trusses  with  parallel  chords.  The  floor  is  to  be  composed  of  a  reinforced  concrete  slab,  with  addi- 
tional wearing  surface,  placed  on  I-beam  joists. 

2.  LOADS.  Dead  Load. — ^The  dead  load  consists  of  the  weight  of  the  reinforced  concrete 
floor  slab  at  150  lb.  per  cu.  ft.,  the  joists,  floorbeams,  trusses  and  lateral  bracing. 

live  Load. — ^This  bridge  will  be  designed  for  Class  Di  loading  which  provides  for  a  20-ton 
concentrated  load  or  a  uniform  load  of  100  lb.  per  sq.  ft.  of  roadway  for  the  floor  and  its  sup- 
ports. The  live  load  for  the  trusses  is  given  in  Table  I  of  the  specifications  in  Appendix  I  as 
78  lb.  per  sq.  ft.  of  roadway. 

Impact — ^The  specifications  provide  for  an  allowance  for  impact  of  30  per  cent  of  the  live 
load  for  the  floor  and  its  supports,  and  of 

100  100 

24.3  per  cent 


L-i-300      112 -h  300 
for  the  truss  members. 

Wmd  Load. — ^The  specifications  require  that  the  lower  lateral  bracing  be  designed  for  a. 
moving  wind  load  of  300  lb.  per  foot  of  bridge,  and  the  upper  lateral  bracing  be  designed  for  a 
moving  wind  load  of  150  lb.  per  foot  of  bridge. 

3.  Dimensions. — ^Span,  112'  o''  c.  to  c.  of  end  bearings;  panel  length,  16'  o'';  width  of 
roadway  16'  o";  spacing  of  trusses,  17'  3"  c.  to  c. 

4.  Depth  of  Trusses. — ^The  trusses  must  have  a  depth  sufficient  to  provide  head  room  of 
15  ft.  for  a  width  on  the  center  line  of  bridge  of  8  ft.  The  bottom  of  the  floorbeam  will  be  placed 
even  with  the  bottom  of  the  lower  chord  angles  or  about  2  in.  below  the  center  line  of  the  chord. 
The  floorbeam  will  probably  have  a  depth  of  20  in.  and  the  slab  a  depth  of  6  in.  See  Table  I, 
Chapter  X.  The  top  of  the  joist  will  be  even  with  the  top  of  the  floorbeam.  Using  a  depth  of 
20  ft.  c.  to  c.  of  chords  the  various  parts  will  occupy  the  following  depths. 

Headroom 15'  o". 

Floorbeam i'  6". 

Slab o'  6". 

Portal 3'  o"' 

Total 20'  o". 

5.  DESIGN  OF  FLOOR  STSTEM.-— The  methods  used  in  the  design  of  the  floor  system 
of  this  bridge  are  given  in  Chapter  X,  and  will  not  be  repeated. 

The  slab  will  be  found  in  Table  I,  and  the  joists  and  floorbeams  will  be  found  in  Fig.  8^ 
Chapter  X. 

The  following  floor  system  will  be  used: 

Slab;  total  thickness  6  in.,  depth  to  center  of  steel  5  in.  Reinforcement  at  right  angles  to 
joist;  i  in.  square  rods  5}  in.  c.  to  c.  Reinforcement  parallel  to  joists;  two  i  in.  square  rods 
between  adjacent  joists. 

Joists,  10  in.  I's  @  25  lb.  spaced  about  2  ft.  2  in.  c.  to  c.  Intermediate  floorbeams,  20  in.  Ts 
@  80  lb.    End  floorbeams,  20  in.  Ts  @  65  lb. 

The  estimated  weight  of  the  floor  system  is  25,500  lb.  per  panel. 

In  order  to  calculate  the  live  load  floorbeam  reactions  it  is  necessary  to  calculate,  first,  the 
maximum  load  that  can  come  on  a  floorbeam  and  second,  the  maximum  reaction  that  can  occur 
due  to  this  load.    From  (a),  Fig.  13,  the  greatest  live  load  that  can  come  on  the  floorbeam  will  be 
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14  4-  4  X  6/16  =  15.5  tons.    From  (6),  Fig.  13,  it  will  be  seen  that  the  maximum  reaction  will 
occur  with  the  wheels  as  shown.  .  (The  truck  is  assumed  as  10  feet  wide.) 

Ri  =  "'^.3/^'^  X  2,000  =  20,900  lb. 


Q  I         I 


i<.?'» 


(^^  (b) 

Fig.  13. 

Allowing  30  per  cent  for  impact  the  reaction  will  be 

1.30  X  20,900  =  27,200  lb. 

Intermediate.  E&d. 

D.  L.  fioorbeam  reaction 12,750  lb.  6,375  lb. 

L.  L.  and  Impact  fioorbeam  reaction 27,200  "  27,200  " 

Total  fioorbeam  reaction 39»950  lb.  33.575  lb. 

6.  Joint  Loads. — Dead  Load. 

Trusses  (including  Bracing,  Portals,  Laterals  and  railing) 55f6oo  lb. 

Joists 18,000   " 

Floor  system  (estimated) 160,400  " 

Total 234,000  lb. 

Dead  joint  load^  234,000/14  «=  16,700  lb. 
Live  Load,  78  X  16  X  16  -^  2  -  10,000  lb.  per  joint. 
Impact,  10,000  X  0.243  =  2,430  lb.  per  joint. 
Wini  load. — Upper  chord,  150  X  16  =  2,400  lb.  per  joint  as  a  moving  load. 
Lower  chord,  300  X  16  »  4,800  lb.  per  joint  as  a  moving  load. 

7.  Dead  Load  Stresses. — ^The  dead  load  stresses  as  calculated  by  the  method  of  coefficients 
are  shown  on  the  stress  sheet  in  Fig.  14. 

8.  Live  Load  and  Impact  Stresses.~^The  live  load  stresses  and  impact  stresses  are  shown 
on  the  stress  sheet  in  Fig.  14.  The  live  load  stresses  were  calculated  by  the  method  of  coefficients 
and  the  impact  stresses  were  calculated  by  multiplying  the  live  load  stresses  by  the  impact  factor 
0.243. 

The  stress  in  the  hanger  VxLi  is  equal  to  the  end  shear  of  the  fioorbeam  as  calculated  in  the 
design  of  the  floor  system,  and  is  20,900  lb.  for  live  load  only,  and  27,200  lb.  including  30  per  cent 
impact. 

9.  Wind  Load  Stresses. — In  the  calculation  of  the  stresses  diie  to  wind  the  entire  wind 
load  on  the  top  chord  will  be  carried  along  the  top  chord  to  the  portal  by  the  top  lateral  system, 
none  of  it  being  considered  as  carried  down  the  ix>sts  to  the  bottom  lateral  system,  the  sway  bracing^ 
at  the  intermediate  posts  being  made  light. 

The  total  wind  load  is  considered  as  concentrated  ^t  the  joints  of  the  windward  truss  for  both 
upper  and  lower  lateral  systems.  One-half  of  the  load  is  sometimes  considered  as  acting  on  the 
leeward  side,  especially  for  the  unloaded  chord  since  it  is  not  sheltered  by  the  floor  system.     This 
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distribution  does  not  affect  the  stresses  other  than  those  in  the  lateral  struts  and  the  effect  there 
is  negligible.  All  of  the  wind  load  shear  in  any  panel  of  the  upper  or  lower  lateral  systems  is 
considered  as  being  carried  by  the  member  which  will  take  it  in  tension,  the  compression  in  the 
member  with  opposite  inclination  being  neglected.  The  effect  of  the  solid  floor  is  not  considered, 
although  after  the  bridge  is  completed  the  lower  laterals  will  not  be  necessary,  as  far  as  wind 
stresses  are  concerned. 


B 


■^ 


M- 


JLx 


•^j/.^Ai^s^r 


B 
(a)  Em  PosTSECTion 


Fig.  15. 


bj  Portal  SEcnoti 


(c)  Strut  Section 


The  wind  load  stresses  as  calculated  by  the  method  of  coefficients  are  shown  on  the  stress 
sheet  in  Fig.  14. 

The  portal  will  be  of  the  type  shown  in  Fig.  14,  the  horizontal  member  being  placed  so  as  to 
allow  the  required  headroom  of  15  feet.  It  has  been  found,  par.  4,  that  the  portal  may  occupy  a 
vertical  depth  of  3'  o",  which  gives  3.00  sec  ^  =  3.85  ft.  =  3'  10"  measured  along  the  end^ost. 
Allowing  for  the  distance  from  the  gage  line  to  the  lower  edge  of  the  member  DE,  a  depth  of  3'  6'' 
will  be  adopted. 

The  end-posts  will  be  considered  as  fixed  at  the  base,  S  30*  and  the  point  of  contraflexure 
midway  between  the  foot  of  the  main  diagonal  and  Lq,  The  stresses  in  the  portal  and  end-posts 
are  shown  on  the  stress  sheet  in  Fig.  14. 

10.  DESIGN  OF  TRUSSES  AND  LATERAL  SYSTEMS.  Stress  Sheet— Before  pix>- 
ceeding  to  the  design  of  members  the  stresses  due  to  the  various  loadings  will  be  collected  on  the 
stress  sheet  in  Fig.  14.  As  soon  as  the  size  of  each  member  is  determined  it  will  be  recorded  on 
the  stress  sheet. 

In  all  truss  members  except  I«27i,  the  wind  stress  need  not  be  considered  unless  it  exceeds 
25  per  cent  of  the  sum  of  the  dead,  live  and  impact  stresses.  The  member  LqUi  is  subjected  to 
flexural  wind  stress  which  must  be  considered. 

11.  Design  of  Tension  Members. — ^Tables  IV  and  V  give  the  design  of  all  tension  members 
in  tabular  form.  The  allowable  unit  tensile  stress  on  the  net  area  is  16,000  lb.  per  sq.  in.  ^vhen 
wind  does  not  control,  and  1.25  X  16,000  «  20,000  lb.  per  sq.  in.  when  wind  controls.  The 
tension  members  except  U\L\  will  be  made  of  angles.  If  either  leg  of  an  angle  is  5  in.  or  over  in 
width,  two  holes  will  be  deducted  from  the  section  to  obtain  the  net  section,  otherwise  one  YiiAt 
will  be  deducted. 
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Rivets  I  in.  in  diameter  will  be  used  throughout  the  bridge  except  in  the  flanges  of  channels 
smaller  than  8  in.,  where  f  in.  rivets  will  be  used.  In  obtaining  the  net  section,  holes  i  in.  in  diam- 
eter will  be  deducted  for  f  in.  rivets  and  f  in.  holes  for  f  in.  rivets.  The  design  of  tension  members 
consists  mainly  of  selecting  sections  to  provide  the  required  net  area. 

In  designing  all  members  the  form  of  details  used  must  be  kept  in  mind  and  the  number  of 
shapes  and  sizes  should  be  made  as  small  as  possible.  Material  which  is  available  without  delay 
should  be  used. 

12.  Design  of  Compression  Members. — In  the  design  of  a  compression  member  it  is  neces- 
sary to  select  a  section,  determine  its  radii  of  gyration,  calculate  the  allowable  unit  stress  and 
investigate  to  see  if  the  section  provides  the  proper  gross  area.  If  not  a  new  trial  must  be  made. 
The  greatest  value  of  l/r  for  compression  members  must  not  exceed  125  for  main  members  and 
150  for  laterals,  for  this  type  of  bridge.  The  properties  of  top  chord  sections  consisting  of  two 
channels  and  a  cover  plate  are  given  in  Table  17,  Appendix  III. 

The  explanation  of  the  method  followed  in  determining  the  number  of  riyets  required  at  the 
ends  of  the  tension  members,  will  also  apply  to  compression  members. 

The  design  of  the  compression  members  of  the  truss  is  shown  in  Table  VI. 

The  centroid  of  the  top  chord  and  end-post  sections  will  be  placed  on  the  center  line,  so  no 
eccentric  stresses  need  be  provided  for. 

The  stress  in  the  top  chord  due  to  the  weight  of  member  shoul^  be  investigated.  The  weight 
of  UiUt,  adding  30  per  cent  for  details,  is  1.30  X  12.16  X  3.4  «  53.8  lb.  per  ft.  The  weig^ht  of 
UtUz  and  UiUi  =  1.30  X  12.16  X  3-4  =  53.8  lb.  per  ft. 

13.  Design  of  End-post — ^The  member  £0  Ui  carries  a  direct  stress  of  111,900  lb.  for  dead 
load,  live  load,  and  impact.  The  length  of  the  member  for  bending  about  its  axis  parallel  to  the 
cover  plate  is  25.62  ft.  ^The  section  will  be  composed  of  two  9  in.  channels  and  one  14  in.  cover 
plate.  For  this  section  and  this  axis  the  radius  of  gyration  will  be  about  3.55  in.,  and  the  allowable 
unit  stress  not  considering  wind,  about  16,000  —  (70  X  25.62  X  12/3.55)  ==  9»940  lb.  per  sq.  in. 
Approximate  radii  of  gyration  of  built  sections  are^ven  in  Table  43,  Appendix  III. 

The  area  required  for  dead  load,  live  load  and  impact  stress  is  about  1 1 1,900  -r  9,940  =  1 1.26 
sq.  in.  The  section  composed  of  2[s  9  in.  @  15  lb.,  8}  in.  back  to  back,  and  one  pi.  14  in.  >^  A  in- 
will  be  tried.  The  properties  of  this  section  are  not  given  in  Table  17,  Appendix  III,  and  must  be 
calculate. 

Tables  of  properties  of  sections  may  be  obtained  from  the  author's  "Structural  Engineer's 
Handbook." 

Area,  The  area  of  2  [s  =  2  X  4.41  =    8.82  ^q.  in. 

The  area  of  a  14  in.  X  A  in.  plate  =    4.38   "    '* 
Total  area  =  13.20  sq.  in. 

Centroid, — ^The  distance  from  the  axis  M-M  to  the  centroid  of  the  section  is  found  by  taking 
moments  about  the  axis  M-M^  and  dividing  by  the  area  of  the  section.  Moment  of  channels  =  o. 
Moment  of  plate  =  4.66  X  4.38  =  20.4.    Total  moment  =  20.4.    e  =  20.4/13.20  «  1.54  in. 

Moment  of  Inertia,  Axis  A- A . — ^The  moment  of  inertia  about  the  axis  M-M  is  first  calculated. 
The  value  of  I  a  is  obtained  by  subtracting  A  •«*  from  I^, 

Channels,  2  X  /  =  2  X  50.9  =  101.8  in*. 

Plate,  area  X  square  of  distance  from  center  to  MM  =  4.38  X  4.66*  =  95.0      '* 
Total  Im  =  196.8  m*. 

-^-A  =  /jif  —  -4  •«'  =  196.8  —  13.20  X  1.54'  »  165.2  in*. 

Moment  of  Inertia  Axis  B-B. — 

Channels,  2(1.95  +  44i  X  5.03*)  =  227.1  in*. 
Plate,  AW»  =  A  XA  X  14*  =    71.5  " 
Total  7b  =  298.6  in*. 
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Rafiii  of  gyration 

Til  =  -X/^  -  A/ttS^  '^  354  in. 


\il     \  13.20 
ITb       598^6 


2S  62  X  12 

The    allowable  stress  is  16,000  —  70  X  -^ =  9,920  lb.  per  sq.  in.     Considering 

3-54 
iK-ind,  the  allowable  stress  will  be  1.50  X  9,920  =  I4>900  lb.  per  sq.  in.     Considering  dead  load 
and  tota.1  live  load  stresses,  the  unit  stress  is 

c      111,900      _         ,, 
"^    13.20    ""    *^'^^  ^^'  ^^  ^'  ^' 

Considering  dead  load,  live  load  and  impact  stresses,  and  one-half  wind  load  stresses. 

5  1 :?  4.     ^-y     =  "5t30O  , 16,750  X  12  X  7 

A'^i-P^        13.20  Q  ^       1 15,300  X  25.62*  X  I2« 

32-E  ^  '.  32  X  30,000,000 

-  8,730  +  4,900 
■=  13,630  lb.  per  sq.  in. 

14.  I>e8igii  of  Portal. — ^The  stresses  in  the  portal  shown  in  Fig.  14  were  calculated  on  the 
assumption  that  the  end-posts  were  fixed  at  the  base,  as  required  in  specifications,  §  30. 

The  main  diagonal  members  have  either  a  tension  or  a  compression  of  10,800  lb.,  but  the 
cross-section  area  will  be  governed  by  the  compression.  A  section  consisting  of  2  angles  4"  X 
3"  X  A"  as  shown  in  Fig.  15,  will  be  assumed.  Area  =4.18  sq.  in.  Assuming  the  angles 
fastened  by  a  i  in.  connection  plate,  ta  =  0.89  in.  and  ra  —  1.88  in.  The  unsupported  length 
for  axis  j4.-A  is  about  5  ft.  6  in.,  so  l/r  ^  74.2.  The  unsupported  length  for  axis  B-B  is  about 
II  ft-,  so  l/r  =  132/1.88  =  70.  The  allowable  unit  stress  is  1.25(16,000  --  70  X  74.2)  =  13,500, 
and  the  required  area  is  10,800/13,500  =  0.80  sq.  in.  The  assumed  angles  provide  4.18  sq. 
in.  which  is  more  than  sufficient,  but  will  be  used  in  order  to  increase  the  rigidity  of  the  portal. 
Similar  calculations  show  that  2  angles  4"  X  3"  X  A"  furnish  sufficient  section  for  Ui  Ui.  The 
other  members  carry  no  stress.    One  angle  3"  X  3"  X  i"  will  be  used  for  these  members. 

15.  I>e8ign  of  Struts. — ^The  stresses  in  the  struts  are  shown  in  Fig.  14.  A  section  composed 
of  4  angles  3"  X  2i"  X  i",  laced  with  2}  in.  X  i  in.  lacing  as  shown  in  Fig.  14,  will  be  tried. 
It  is  evident  that  the  moment  of  inertia  of  the  section  about  axis  B-B  is  smaller  than  about  axis 
A—A.^  and  will  therefore  control.     Using  i  in.  lacing  bars  the  angles  will  be  i  in.  b.  to  b. 

r  .  .  ,  /1I.7  o  •  1/  1725    X   12 

/•  as  1 1.7  m.*,  area  of  section  =  5.24  sq.  m.  and  ra  =  A/r:rr  =  i-48  m.,  //r= —-r =  140. 

I  ^5*24  J^»4° 

Specifications  require  that  l/r  for  laterals  in  this  type  of  bridge  must  not  exceed  150. 

Allowable  stress  «  1.50(16,000  —  70  X  140)  =  9,300  lb.  per  sq.  in. 

The  required  area  is  4,800/9,300  »  0.52  sq.  in.    The  section  assumed  has  an  excess  of  area,  but 
on  account  of  details  and  to  comply  with  specifications  will  be  used. 

16.  Design  of  Joints. — ^All  joints  will  be  designed  to  develop  the  full  strength  of  the  members 
ajid  not  simply  the  calculated  stresses.  The  gusset  plates  will  be  made  at  least  thick  enough  to 
develop  in  bearing,  the  strength  of  the  rivets  in  single' shear.  Referring  to  Table  33,  Appendix 
III,  this  thickness  is  found  to  be  i^  in.  i-in.  plates  will  be  used  at  all  joints  except  £0  where 
J'-ixi.  plates  are  used.  The  plates  must  be  of  sufHcient  size  to  contain  the  necessary  rivets  and  to 
carry  the  stresses  transmitted  from  the  members. 

All  rivets  will  be  made  |  in.  in  diameter,  except  those  in  the  flanges  of  channels  whose  depth 
is  less  than  8  in.  (See  Table  17,  Appendix  III,  Maximum  rivets  for  flanges.)  The  use  of  lug 
ans^les  "will  be  avoided  wherever  possible.  The  allowable  values  for  rivets  in  shear  and  bearing 
^ven  in  Table  33,  Appendix  III.    The  arrangement  of  the  members  at  the  joints  is  shown  on 
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the  general  drawings,  Fig.  i8.  The  gage  lines  of  angles  are  placed  on  the  center  line  of  the  truss. 
When  an  angle  has  two  gage  lines,  the  one  nearest  the  back  is  used.  The  center  of  gravity  of  the 
top  chords  and  end-posts  are  placed  on  the  center  line  of  the  truss.  The  size  of  the  guseet  plates  is 
usually  determined  by  the  space  required  for  the  rivets  necessary  to  connect  the  members  to  the 
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plate.  Except  in  extreme  cases,  the  size  of  the  gusset  plates  required  by  the  rivets  will  be  sufficient 
for  strength.  Rivets  should  be  symmetrically  placed  in  order  that  the  stress  may  be  uniformly 
distributed. 

17.  Joint  III. — A  diagram  showing  the  stresses  in  members  fastened  to  the  gusset  plate  at 
J7i,  is  given  in  (a)  Fig.  16.  The  gusset  plate  will  be  shop  riveted  to  IJ^\IJ%  and  field  riveted  to 
all  other  members.  Bearing  controls  the  number  of  rivets  in  £0^1.  The  number  of  field  rivets 
required  will  be 

L   l\  TT' — w    ^'^--  =  45  rivets,  or  23  on  each  side. 

*^«>  •  .29  X  .75  X  20,000      ^^  '        '' 

The  number  of  shop  rivets  in  IJ\U\  at  joint  Vx  i^  determined  by  bearing,  and  is 

12.16  X  12.230        ,    .    ^  o  ... 

— r- —  =  36  nvets  or  18  on  each  side. 

.23  X  .75  X  24,000      ^ 

The  number  of  field  rivets  in  V\L\  is  determined  by  single  shear,  and  is 

5.50  X  16,000  .    ^  ,    . , 

^^-^ =  20  rivets  or  10  on  each  side. 

4,420 

The  number  of  field  rivets  in  IJ\L\  is  determined  by  single  shear,  and  is 
5.39  X  16,000 
4,420 


20  rivets  or  10  on  each  side. 
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1 8.  Joint  I«. — Cast  iron  shoes  will  be  used  at  the  fixed  end  and  cast  iron  rockers  at  the 
expansion  end.    The  details  of  the  shoes  and  rockers  are  shown  in  Fig.  17. 

The  pin  at  Zo  should  be  made  as  large  as  the  channels  of  Lo  Ui  will  permit,  even  though  a 
smaller  pin  would  safely  carry  the  stresses.  A  3i-inch  pin  will  be  used  if  the  following  investiga- 
tion shows  it  to  have  sufficient  strength.  For  the  detail  used  here  the  forces  acting  on  the  pin  are 
all  vertical  and  have  a  magnitude  equal  to  one-half  the  maximum  pedestal  reaction.  This  maxi- 
mum will  occur  with  the  bridge  fully  loaded  and  will  equal  one-half  the  sum  of  the  dead  load,  live 
load  and  impact  joint  loads,  multiplied  by  the  number  of  panels. 

J(i6,7oo  -h  10,000  4-  2,430)7  =  102,000  lb. 

The  arrangement  at  the  joint  is  shown  in  Fig.  16  and  Fig.  18.     The  minimum  thickness  of  the 

gusset  plate  is  determined  by  the  bearing  area  required,  and  is 

51,000  ^    . 

/  =    .  ,, »  0.61  m. 

3J  X  24,000 

The  thickness  of  the  web  is  0.29  in.,  so  the  required  thickness  of  the  gusset  plate  is  0.61  —  0.29 

»  0.32  in.    As  far  as  bearing  is  concerned,  a  |  in.  plate  would  be  sufficient,  but  a  i-in.  plate  will 

be  used  on  account  of  the  large  connection  at  this  joint  in  order  to  give  more  rigidity.    The 

maximum  bending  moment  is 

51,000  X  1.79  ^  91*300  in.-lb. 

and  the  maximum  shear  is  K  «  51,000  lb.    The  diameter  required  by  bending  moment  is 

-(^)'— (7)'— (s^y— 

The  diameter  required  by  shear  is 

-(^)*  — (77-"(SS)*  — ^ 

The  3i  in.  pin  is  satisfactory,  so  will  be  used. 

For  bending  moments  on  pins,  see  Table  27,  Appendix  III. 

A  diagram  showing  the  stresses  in  the  members  fastened  to  the  gusset  plates  at  £0  is  given  in 
(6),  Fig.  16.  The  end-post  will  be  shop  riveted  to  the  gusset  plate,  and  the  lower  chord  and 
floorbeam  will  be  field  riveted. 

The  number  of  shop  rivets  required  in  L^Ui  at  joint  £0  is  determined  by  bearing  on  the  web 

of  the  channels,  and  is 

13.20  X  14,900  o  ... 

— ^_ t*y—      =  38  or  19  on  each  side. 

•29  X  .75  X  24,000      ^  ^ 

The  number  of  field  rivets  in  LqLi  at  joint  I«  is  determined  by  single  shear,  and  is 

4.78  X  16,000        o  ... 

^-^ =  18  or  9  on  each  side. 

4,420 

The  number  of  field  rivets  required  between  the  connection  angles  of  the  floorbeam  and  the 
gusset  plate  is 

4,420 
The  section  area  of  the  gusset  plate  required  to  carry  the  stress  in  loLi  is  equal  to  the  net  area 
of  the  member  or  4.78  sq.  in.  With  two  gusset  plates  each  i  in.  thick,  the  effective  width  must  be 
4*78/(2  X  i)  »  4.78  in.  net.  It  is  evident  from  the  detail  drawings  that  sufficient  area  has  been 
provided.  The  effective  section  through  the  pin  hole  is  more  than  25  per  cent  of  the  net  section 
of  the  member,  and  the  net  area  behind  the  pin  is  at  least  75  per  cent  of  the  area  through  the  pin 
hole  (§75). 

Tne  ikumber  of  field  rivets  required  for  lateral  LqLx  is 

1.00X20,000^^^.^^^^ 


1.25  X  3»750 
16 
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For  all  other  laterals  the  number  of  field  rivets  required  is 

'  3  rivets. 


0.73  X  20,000 

1.25  X  3.750 


The  other  joints  are  designed  in  a  manner  similar  to  the  method  above  described.  The  inter- 
mediate floor  beams  require 

52^.9rivets. 
4,420 

The  number  of  rivets  at  joint  11%  between  the  upper  chord  and  the  gusset  plate  must  be  sufiident 
to  transfer  to  the  gusset  plate  the  maximum  difference  in  stress  between  members  UiUt  and  UtUu 
This  occurs  when  U%Lt  has  its  maximum  stress.  The  difference  is  10/7^  tan  $  +  impact  +  dif- 
ference in  dead  load  stress  =  10/7  X  10,000  tan  $  -h  0.243  X  10/7  X  10,000  tan  0  +  13,400  = 
11,400  -h  2,800  +  13,400  lb.  =  27,600  lb. 


..:£.M'JL. 


(sjt  Cast  IRON  Rocker 


ffTHTTm 
fofic^s  OH  Rocker 


.(.e J 

2-0'         • 


fTTtTTffmfT 


I 


(b)  Pedestal- FiKED  End         Forces  on  Pedestal 


Fig.  17. 

The  number  of  shop  rivets  required  will  be  determined  by  bearing,  and  is 
27,600 


•23  X  .75  X  24,000 


7  rivets  or  4  on  each  side. 


In  order  to  make  a  rigid  connection  a  greater  number  will  be  used. 

19.  End  Bearings. — Rocker  or  roller  bearings  are  required  on  spans  of  70  ft.  or  more,  so 
must  be  used  for  this  bridge. 

20.  Design  of  Cast  Iron  Rockers. — ^The  type  of  rocker  shown  in  Fig.  17  will  be  used.  The 
maximum  pedestal  reaction  is  102,000  lb.  so  the  area  of  each  masonry  plate  must  be  102,000/600 
»  170  sq.  in.,  where  600  lb.  per  sq.  in  is  the  allowable  bearing  stress  on  concrete  masonry.  A 
plate  12  in.  X  2  in.  X  24  in.  will  be  used.  The  length  of  the'rocker  will  be  taken  as  24  in.,  so  the 
bearing  stress  between  the  rocker  and  the  plate  is  p  —  102,000/24  =  4,250  lb.  per  lin.  in.  The 
allowable  bearing  stress  is  30od  pounds  per  lineal  in.,  or  300  X  18  »  5,400  lb.  per  lineal  inch. 
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The  forces  acting  on  the  rocker  are  shown  in  Fig.  17.  Section  2  will  be  investigated  as  a 
cantilever  beam  with  an  effective  length  of  5  in. 

Mt  -  4*250  X  (f  )*  -  53f  100  ui.-lb. 

Mm  -  51.000  X  6.13  -  4,250  X  (V)*  -  663  in.-lb. 

The  moment  of  inertia  of  the  section  is  44.03  in^.,  c  »  2}  in.,  so  the  largest  bending  stress  is 

„      M'C     53.100  X  2.25      ^  „ 

S  —  — ^r-  —  '^^ —  2,710  lb.  per  sq.  in. 

/  44.03  ^  "^ 

The  shear  to  the  left  of  section  2  is  5  X  4,250  »  21,250  lb.,  and  to  the  right  of  2  is  (12  —  6.75)4,250 
-  51,000  «  28,700  lb.  The  section  area  is  38.33  sq.  in.  so  the  largest  average  unit  shear  is 
38,700/38.33  »  750  lb.  per  sq.  in.  The  depth  of  4}  in.  is  sufficient  for  bending  and  shear  so  will 
be  used.  The  thickness  of  the  upright  section  is  determined  by  the  bearing  area  on  the  pin. 
Using  an  allowable  bearing  stress  of  9,000  lb.  per  sq.  in.  for  cast  iron,  for  a  3}-in.  pin,  we  have 
2  X  3I  X  <  X  9,000  »  102,000  or  /  —  1.62  in.;  if  in.  will  be  used.  The  length  of  the  upright 
section  is  short  so  there  will  be  no  column  ju:tion. 

21.  Fixed  End. — ^The  type  of  pedestal  shown  in  Fig.  17  will  be  used  at  the  fixed  end.  The 
same  bearing  stress  on  the  masonry  exists  here  as  at  the  free  end.  The  forces  acting  are  shown  in 
Fig.  17.  The  maximum  bending  moment  occurs  at  2  and  is  53,100  in.-lb.  The  moment  of  inertia 
of  the  section  is  f^  X  12  X  3*  "  27 

5  -  ^*  -  5M^*  -  ..950  lb.  per  sq.  in. 

The  maximum  shear  is  28,700  lb.,  and  the  maximum  average  unit  shear  is 

28,700         01.. 
—{^ —  -  780  lb.  per  sq.  m. 
3  X  12       '  *-   «-* 

The  upright  sections  are  the  same  as  at  the  fixed  end.    There  will  be  no  colunm  action. 

22.  Detidl  DrawingB.— Detail  drawings  are  given  in  Fig.  18. 
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CHAPTER  XV. 
Design  of  Steel  Highway  Bridge  Details. 

Litroduction. — ^The  different  types  of  steel  highway  bridges  have  been  considered  in  previous 
chapters. 

Proportions  of  Girders  and  Trusses. — ^The  economic  depth  of  a  girder  is  approximately  such 
as  to  make  the  weight  of  the  web  including  stiffeners  equal  to  the  weight  of  the  flanges.  The 
economic  depth  of  a  truss  is  such  as  to  make  the  weight  of  web  members  approximately  equal  to 
the  weight  of  the  chord  members.  As  a  general  rule  the  depth  of  trusses  should  be  from  J  to  f 
the  span  length.  The  depth  of  inclined  chord  trusses  should  be  greater  than  the  depth  of  parallel 
chord  trusses  for  the  same  span.  The  height  at  the  ends  of  the  bridge  should  be  sufficient  for  an 
effective  portal.  The  width  between  trusses  of  medium  span  highway  bridges  is  usually  deter- 
mined by  the  requirements  of  traffic.  The  width  in  no  case  should  be  less  than  irS  the  span. 
The  most  economic  inclination  of  diagonals  is  about  40  degrees,  so  that  in  a  Pratt  truss  the  panel 
length  should  be  about  0.42  times  the  depth  of  truss.  Some  economy  in  weight  of  steel  can  be 
gained  in  long  span  truss  bridges  by  making  the  panel  lengths  a  constant  ratio  of  the  depth. 
However  this  is  rarely  done  for  the  reason  that  the  increased  cost  of  shop  work  and  erection  due  to 
the  increased  complexity  of  the  design  usually  more  than  offset  the  saving  in  structural  steel. 
Increasing  the  panel  length  increases  the  weight  of  the  floor,  and  the  panel  lengths  should  therefore 
be  less  for  a  heavy  concrete  floor  than  for  a  plank  floor.  The  increase  in  weight  of  superstructure 
for  permanent  floors  will  vary  with  details  and  loads.  Calculations  by  Mr.  Clifford  Older,  bridge 
engineer,  Illinois  Highway  Commission,  shows  that  a  variation  of  10  lb.  per  sq.  ft.  in  the  weight 
of  the  floor  makes  a  similar  variation  of  about  4  per  cent  in  the  weight  of  the  superstructure. 

Economic  Span. — In  "Bridge  Engineering,"  page  1*187,  Dr.  J.  A.  L.  Waddell  has  shown  that 
for  a  crossing  of  indefinite  length  and  with  piers  and  abutments  of  uniform  depth,  "The  greatest 
economy  will  occur  when  the  cost  per  lineal  foot  of  the  trusses  and  laterals  of  the  superstructure  is 
equal  to  the  cost  per  lineal  foot  of  the  substructure."  The  floor  and  its  supports  being  independent 
of  the  span  is  not  included.  This  analysis  assumes  that  all  spans  will  be  of  equal  length.  With 
a  stream  having  a  deep  channel  near  its  center,  the  piers  near  the  center  will  be  much  more 
expensive  than  those  near  the  shore,  and  the  center  spans  should  be  made  longer  than  the  shore 
spans. 

In  a  paper  entitled  "Economic  Span  Length  for  Bridges,"  presented  before  the  Western 
Society  of  Engineers,  Vol.  24,  No.  4,  Dr.  J.  A.  L.  Waddell  gives  the  results  of  a  study  of  economic 
span  lengths  of  bridges  on  deep  foundations.  For  highway  bridges  resting  on  deep  foundations 
in  sand  he  obtains  the  economic  span  lengths  as  follows.  For  foundations  100  ft.  deep,  300  ft. 
span  for  low  livel  bridges,  and  325  ft.  span  for  high  level  bridges.  For  foundations  150  ft.  deep, 
350  ft.  span  for  both  low  level  and  high  level  bridges.  For  foundations  200  ft.  deep,  400  ft.  span 
for  low  level  bridges,  and  375  ft.  for  high  level  bridges. 

The  most  important  conclusions  arrived  at  in  the  paper  are: 

1.  "For  all  types  of  bridges  the  economic  span  length  increases  with  the  depth  of  foundations, 
though  not  necessarily  in  the  same  proportion. 

2.  "The  lighter  the  superstructure  and  the  live  load  it  carries,  the  greater  generally  is  the 
economic  span  length,  and  the  greater  the  variation  of  the  latter  with  the  depth  of  foundation. 

3.  "Structures  with  piers  founded  on  bed  rock  generally  have  economic  span  lengths  some- 
what greater  than  those  of  the  corresponding  structures  founded  on  sand." 
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KINDS  OF  STRESS.— In  addition  to  the  stresses  due  to  (i)  dead  load,  (2)  live  or  moving 
load,  (3}  wind  load,  and  (4)  snow  load  as  calculated  in  P^rt  I,  it  is  necessary  to  consider;  (5) 
impact  stresses,  (6)  temperature  stresses,  (7)  centrifugal  stress,  and  (8)  secondary  stresses  not 
taken  into  account  in  the  calculations.  In  addition  to  the  above  it  is  necessary  in  determinmg 
the  allowable  stress  in  any  member  to  take  into  account  the  imperfections  in  materials  and  work- 
manship, possible  increase  in  live  loads,  fatigue  of  metals,  the  frequency  of  the  application  of 
stress,  corrosion  and  deterioration  of  materials,  etc.  The  structure  should  be  so  designed  that 
no  part  under  any  condition  shall  be  stressed  beyond  the  elastic  limit.  The  allowable  stresses  for 
dead  load  are  usually  taken  at  about  50  to  60  per  cent  of  the  elastic  limit  of  the  material.  The 
live  load  stresses  are  equivalent  to  static  load  stresses  plus  impact  stresses.  If  the  live  load  stresses 
are  increased  for  impact  the  resulting  stresses  may  be  considered  as  dead  load  stresses.  With 
steel  with  an  elastic  limit  of  about  32,000  lb.  per  sq.  in.  it  is  the  common  practice  to  assume  a 
safe  tensile  unit  stress  of  16,000  lb.  per  sq.  in.  for  dead  load  stresses  and  for  live  load  stresses  plus 
impact.  The  allowable  compressive  stress  would  be  16,000  —  7o//r,  where  /  =  the  length  of  the 
member  and  r  =  the  least  radius  of  gyration  of  the  member,  both  in  inches,  with  a  maximum 
unit  stress  of  14,000  lb.  per  sq.  in.  The  stress  in  any  tension  or  compression  member  due  to  its 
own  weight  is  neglected,  providing  the  additional  stress  due  to  weight  does  not  increase  the  allow- 
able unit  stress  permitted  for  dead  load,  live  load  and  impact  by  more  than  10  per  cent.  The 
stress  in  any  tension  or  compression  member  due  to  wind  load  is  neglected,  providing  the  addi- 
tional stress  due  to  wind  load  does  not  increase  the  allowable  unit  stress  permitted  for  dead 
load,  live  load  and  impact  by  more  than  25  per  cent.  The  secondary  stresses  may  in  extreme 
cases  produce  stresses  as  high  as  40  per  cent  of  the  sum  of  the  dead  load  stresses,  and  the  Wye 
load  and  impact  stresses.  Some  allowance  must  also  be  made  for  over  load,  for  corrosion  and 
for  the  other  conditions.  It  is  not  probable  that  all  of  the  additional  stresses  will  occur  when 
the  live  load  is  a  maximum,  and  that  the  sum  of  all  the  probable  stresses  will  always  be  less  than 
32,000  lb.  per  sq.  in. — the  elastic  limit  of  the  material.  A  bridge  designed  for  a  unit  stress  of 
16,000  lb.  per  sq.  in.  in  tension  and  with  an  allowable  stress  in  compression  of  16,000  —  7o//r 
l\>.  per  sq.  in.  is  said  to  be  designed  with  a  factor  of  safety  of  four.  The  factor  of  safety  is  the 
number  by  which  we  divide  the  ultimate  strength  of  the  member  to  obtain  the  working  stress. 
A  factor  of  safety  of  four  in  this  case  means  that  the  structure  is  just  as  strong  as  it  should  be,  and 
not  four  times  as  strong  as  it  should  be,  as  is  sometimes  assumed. 

IMPACT  STRESSES. — ^As  a  load  moves  over  the  bridge  it  causes  shocks  and  vibrations 
whereby  the  actual  stresses  are  increased  over  those  due  to  static  loads  alone.  It  is  shown  in 
mechanics  of  materials  that  a  load  suddenly  applied  to  a  bar  or  a  beam  will  produce  stresses  equal 
to  twice  tl^e  stresses  produced  by  the  same  load  gradually  applied.  A  bridge  is  a  complex 
structure  and  it  is  not  possible  to  determine  the  exact  effect  of  the  moving  loads.  It  has  been 
found  by  experiment  that  the  ultimate  strength  for  repeated  loads  is  much  less  than  the  ordinary 
ultimate  strength.  In  a  bridge  it  will  be  seen  that  the  dead  load  is  a  fixed  load  and  that  the  live 
load  is  a  varying  load. 

For  stresses  of  one  kind  Professor  Launhardt  has  proposed  the  following  formula: 

,  Min.  stress  \  .  . 

'■*■  Max.  stress/  ^'^ 

where  P  is  the  allowable  working  stress  required,  and  S  is  the  allowable  working  stress  for  live 
loads,  varying  from  zero  to  the  maximum  stress.  For  stresses  of  opposite  kinds  Professor  Wey- 
rauch  has  proposed  the  fpllowing  formula: 

Min.  stress  \  ,  . 

2  Max.  stress  / 

where  P  and  S  are  the  same  as  for  the  Launhardt  formula,  the  maximum  and  minimum  stresses 
being  taken  without  sign.  For  columns  and  struts  the  allowable  stresses  are  to  be  reduced  by  a 
suitable  column  formula. 
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There  are  three  methods  in  common  use  for  taking  account  of  impact:  (i)  Impact  formulas; 
(3)  Launhardt-Weyrauch  formulas,  and  (3)  Cooper's  Method. 

(i)  Impact  Fonnulas. — ^The  formula  in  most  common  use  is  given  in  the  form 

where  /  »  impact  stress  to  be  added  to  the  static  live  load  stress,  S  »  the  static  live  load  stress, 
I.  »  the  length  in  feet  of  the  portion  of  the  bridge  that  is  loaded  to  produce  the  maximum  stress 
in  the  member,  and  a  and  b  are  constants  expressed  in  feet.  The  American  Railway  Engineering 
Association  specify  for  railway  bridges,  a  »  ft  »  300  ft. 

After  an  extensive  series  of  tests  the  committee  on  Iron  and  Steel  Structures  of  the  American 
Railway  Engineering  Association  has  recommended  the  following  formula  for  impact  in  railway 
bridges. 

J  „  c .      30,000  -  ,  . 

^"^    30,000 +L«  ^^^ 

where  L  is  the  length  of  the  span  of  the  bridge.  This  formula  has  not  as  yet  (19 19)  been  adopted 
by  the  Association. 

Mr.  C.  C.  Schneider,  M.  Am.  Soc.  C.  E.,  specified  that  for  electric  railway  bridges 

/-5.i5o/(L+3oo)  (5) 

In  the  Osborn  Engineering  Company's  1903  specifications  for  railway  and  for  highway 
bridges  the  impact  is  calculated  by  the  formula 

I^S'SKS  +  D)  (6) 

where  S  is  the  static  live  load  stress  and  D  is  the  dead  load  stress.  This  method  is  also  specified 
by  the  Harriman  Railway  System. 

(2)  Lannhardt-Weyrauch  Formulas.— ^Formula  (i)  is  used  for  determining  the  allowable 
stress  for  loads  of  one  kind,  and  formula  (2)  is  used  for  determining  the  allowable  stress  for  loads 
of  different  kinds.    This  method  is  used  in  Thacher's  Specifications,  and  others. 

(3)  Cooper's  Method. — Cooper  uses  formula  (i)  and  calculates  the  area  for  the  dead  load 
and  the  area  for  the  live  load  stress  separately.  For  dead  loads  from  formula  (i)  we  have  P  <-  25, 
while  for  live  loads  the  range  of  stress  is  from  zero  to  the  maximum,  and  P  —  S. 

For  a  reversal  of  stress  Cooper  designs  the  member  to  take  both  kinds  of  stress,  but  to  each 
stress  he  adds  eight-tenths  of  the  lesser  of  the  two  stresses. 

The  different  methods,  while  apparently  very,  unlike,  give  essentially  the  same  results. 
Many  engineers  claim  that  fatigue  of  the  materials  and  impact  should  be  considered  separately. 
In  choosing  working  stresses,  an  allowance  should  be  made  for  secondary  and  other  stresses  that 
cannot  easily  be  calculated,  for  corrosion,  etc. 

For  the  recent  practice  in  the  use  of  impact  in  the  design  of  highway  bridges,  see  Chapter  IX. 

Tefl^eratnre  Stresses. — An  increase  or  decrease  in  temperature  produces  no  stresses  in  a 
bridge  with  one  end  on  frictionless  rollers.  Where  there  is  a  horizontal  resistance  to  the  move- 
ment, the  bridge  becomes  a  two-hinged  arch  and  it  is  necessary  to  calculate  the  stresses  for  that 
case.    See  the  author's  "Steel  Mill  Buildings,"  Chapter  XIV. 

Centrifugal  Stresses. — Mr.  C.  C.  Schneider's  "  Specifications  for  Electric  Railway  Bridges  " 
contains  the  following  requirement : 

Structures  located  on  curves  shall  be  designed  for  the  centrifugal  force  of  the  live  load  acting 
at  the  top  of  the  rail.    The  centrifugal  force  shall  be  calculated  by  the  following  formula: 

C  =  (0.043  -  o.oo3D)W'D  (7) 

where  C  »  centrifugal  force  in  lb. ; 
W  »  weight  of  train  in  lb.; 
D  "■  d^;ree  of  curvature. 
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SPECIFICATIONS  FOR  STEEL.— All  standard  specificationa  call  for  open  hearth  steel. 
It  has  been  the  custom  to  specify  "soft"  steel  with  an  ultimate  strength  of,  say,  54,000  to  62,000 
lb.  per  sq.  in.;  "medium"  steel  with  an  ultimate  strength  of,  say,  60,000  to  68,000  lb.  per  sq.  in.; 
and  "rivet"  steel  with  an  ultimate  strength  of,  say,  50,000  to  58,000  lb.  per  sq.  in.  The  American 
Railway  Engineering  Association  has  specified  a  single  grade  of  "structural"  steel  with  an  ultimate 
strength  of  55,000  to  65,000  lb.  per  sq.  in.;  and  "rivet"  steel  with  an  ultimate  strength  of  46,000 
to  56,000  lb.  per  sq.  in.  This  method  appears  to  be  coming  rapidly  into  use  and  promises  to 
become  standard. 

Standard  specifications  are  given  in  Appendix  I,  in  which  the  specifications  for  material 
adopted  by  the  American  Society  for  Testing  Materials  have  been  used. 

ALLOWABLE  STRESSES.— The  allowable  stresses  in  the  different  members  of  steel  high- 
way bridges  will  depend  upon  the  method  of  providing  for  impact. 

SchnAder's  Specifications. — In  his  "Specifications  for  Steel  Electric  Railway  Bridges" 
Mr.  C.  C.  Schneider  has  specified  the  allowable  stresses  adopted  by  the  American  Railway  Engineer- 
ing Association  using  the  impact  formula  in  (5).  The  clauses  referring  to  unit  stresses  are  as 
follows: 

§  17.  Unit  Stresses, — ^AU  parts  of  structures  shall  be  so  proportioned  that  the  sum  of  the 
maximum  stresses  shall  not  exceed  the  following  amounts  in  lb.  per  sq.  in.  except  as  modified  in 
paragraphs  25  to  27. 

1 18.  Tension, — ^Axial  tension  on  net  section -iGjOOO 

§  19.  Compression,  —Axial  compression  on  gross  section  i6,ooo-7o.//f  where  /  is  the  length 
and  f  is  the  least  radius  of  gyration  of  member,  both  in  inches. 

§  20.  Bending:  on  extreme  fibers  of  rolled  shapes,  built  sections  and  girders;  net  section  16,000 
On  extreme  fibers  of  pins 24,000 

§  21.  Shearing:  shop  driven  rivets  and  pins 12,000 

Field  driven  rivets  and  turned  bolts 10,000 

Plate  rirder  webs;  gross  section 10,000 

§  22.  Bearing:  shop  driven  rivets  and  pins 24,000 

Field  driven  rivets  and  turned  bolts 20,000 

Granite  masonry  and  Portland  cement  concrete 600 

Sandstone  and  limestone 400 

Expansion  rollers;  per  linear  inch 600  d 

Where  d  is  the  diameter  of  the  roller  in  inches. 

§  23.  Limiting  Length  of  Comfyression  Members.' — No  compression  member  shall  have  a  length 
exceeding  100  times  its  least  radius  of  gyration,  excepting  those  for  wind  bracing,  which  may 
have  a  length  120  times  the  least  radius  of  gyration. 

§  24.  Alternate  Stresses, — Members  subject  to  alternate  stresses  of  tension  and  compression 
shall  be  proportioned  for  the  stresses  giving  the  largest  section.  If  the  alternate  stresses  occur  in 
succession  auring  the  passage  of  one  train,  as  in  stiff  counters,  each  stress  shall  be  increased  by 
50  per  cent  of  the  smaller.  The  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the 
stresses. 

§  25.  Counters. — ^Wherever  the  live  and  dead  load  stresses  are  of  opposite  character,  only 
70  per  cent  of  the  dead  load  stress  shall  be  considered  as  effective  in  counteracting  the  live  load 
stress. 

§  26.  Combined  Stresses. — Members  subject  to  the  action  of  both  axial  and  bending  stresses 
shall  be  proportioned  so  that  the  combined  stress  shall  not  exceed  the  allowed  axial  stress. 

§  27.  LcUeral  and  Other  Stresses  Combined, — ^For  stresses  produced  by  lateral  and  wind  forces 
combined  with  those  of  live  loads,  dead  loads  and  centrifu^l  forces,  the  unit  stresses  may  be 
increased  25  per  cent  over  those  given  above;  but  the  section  shall  not  be  less  than  required 
if  lateral  and  wind  forces  be  neglected. 

Cooper's  Specifications. — In  his  1909  "  Specifications  for  Steel  Highway  and  Electric  Railway 
Bridges,"  Mr.  Theodore  Cooper  specified  the  following  allowable  unit  stresses: 

Tension,  Medium  Steel. — Floorbeam  hangers  and  other  similar  members  liable  to  sadden 
loading,  net  section  8,000  lb.  per  sq.  in. ;  longitudinal,  lateral  and  sway  bracing  for  wind  and  live 
load  stresses,  18,000  lb.  per  sq.  in.;  solid  rolled  beams  used  as  cross  floorbeams  and  stringers, 
13,000  lb.  per  sq.  in. ;  bottom  flanges  of  riveted  girders,  net  section,  all  moment  resisted  by  flanges, 
bottom  chords,  main  diagonals,  counters  12,500  lb.  per  sq.  in.  for  live  load  stress,  and  25,000  lb. 
per  sq.  in.  for  dead  load  stress.  Verticals  carrying  noorbeams,  10,000  lb.  per  sq.  in.  for  live  load 
stress,  and  20,000  lb.  per  sq.  in.  for  dead  load  stress. 
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Soft  steel  may  be  used  with  tensile  unit  stresses  lo  per  cent  less  than  above,  execpt  for  eye-bars. 

Compression,  Medium  Steel. — ^For  chord  segments  P  =  12,000  —  55 -//r  lb.  per  sq.  in.  for 
live  load  stresses,  and  P  ->  24,000  —  iio-l/r  lb.  per  sq.  in.  for  dead  load  stresses. 

For  all  posts  for  through  bridges,  indudine  end-posts,  P  »  10,000  —  45*//f  lb.  per  sq.  in. 
for  live  load  stresses,  and  P  «  20,000  —  ^-l/r  lb.  per  sq.  in.  for  dead  load  stresses. 

For  all  posts  in  deck  bridges  and  trestles,  P  »  11,000  —  40 -l/r  lb.  per  sq.  in.  for  live  load 
stresses,  and  P  =  22,000  —  8o*//r  lb.  per  sq.  in.  for  dead  load  stresses. 

For  lateral  struts  and  rigid  bracing,  P  »  13,000  —  60  l/r  lb.  per  sq.  in  for  .wind  stresses  and 
I  of  the  above  for  live  load  stresses. 

In  above  /  =  length  of  member  c  to  c  of  connections,  and  r  »  least  radius  of  Gyration  of  mem- 
ber, both  in  inches.    The  ratio  of  l/r  shall  not  exceed  100  for  main  members  and  120  for  laterals. 

Soft  steel  may  be  used  with  unit  stresses  10  per  cent  less  than  the  above,  except  for  eye-bars. 

Bending. — ^The  bending  on  extreme  fibers  of  pins  shall  not  exceed  20,000  lb.  per  sq.  in. 

Shear. — ^The  shear  on  pins  and  rivets  in  trusses  shall  not  exceed  10,000  lb.  per  sq.  in.  The 
shear  on  rivets  in  floor  systems  shall  not  exceed  80  per  cent,  and  in  lateral  systems  shall  not  exceed 
150  per  cent  of  the  value  above. 

Bearing. — ^The  bearing  oh  pins  and  rivets  in  trusses  shall  not  exceed  15,000  lb.  per  sq.  in.  for 
live  load  and  30,000  lb.  per  sq.  m.  for  dead  load.  The  bearing  on  rivets  in  floor  systems  shall  not 
exceed  80  per  cent,  and  in  lateral  systems  shall  not  exceed  150  per  cent  of  the  values  above. 

Field  rivets  shall  have  their  allowable  bearing  and  shear  reduced  one-third. 

Bearing  on  rollers  per  lineal  inch  »  30od,  where  d  is  the  diameter  of  the  roller  in  inches. 

Bearing  on  masonry  shall  not  exceed  250  pounds  per  sq.  in. 

Combined  Stresses. — Members  subject  to  combined  stresses  must  be  designed  for  the  greatest 
stress.  Unless  the  stress  due  to  weight,  only,  exceeds  10  per  cent  of  the  allowed  stress,  such 
stress  need  not  be  considered.  Unless  the  stress  due  to  wind  forces  exceeds  30  per  cent  of  the 
allowed  unit  stress  it  need  not  be  considered. 

Reversal  of  Stress. — Members  and  their  connections  subject  to  alternate  stress  shall  be  de- 
signed to  take  each  kind  of  stress.  Both  stresses,  shall  however,  be  increased  by  an  amount  equal 
to  8/10  of  the  least  of  the  two  stresses. 

Eofjoitenng  Institute  of  Canada. — General  Specification  for  Steel  Highway  Bridges  adopted 
1918  by  the  Engineering  Institute  of  Canada  specifies  unit  stresses  in  lb.  per  sq.  in.  as  follows: 

Axial  tension  on  net  section  of  steel,  16,000.  Axial  compression  on  gross  section  of  columns, 
12,000  —  o.3(//r)*,  in  which  /  «  length  in  inches,  and  r  —  least  radius  of  gyration  in  inches. 
Direct  compression  on  steel  castings,  14,000.  Direct  compression  on  iron  castings,  10,000. 
Beading  on  extreme  fibers  of  rolled  shapes,  built-up  sections  and  girders,  net  section  16,000; 
steel  castings  12,000;  iron  castings,  3,000;  pins  24,000;  white  oak,  Douglas  fir  and  southern 
long  leaf  pine,  1,600,  white  and  red  pine,  1,100.  Shearing  on  power  driven  shop  rivets  and  pins, 
11,000;  power  driven  field  rivets,  10,000;  hand  driven  field  rivets  and  turned  bolts,  8,000;  plate 
giniers,  gross  section,  10,000.  Bearing  on  power  driven  shop  rivets  22,000;  power  driven  field 
rivets  and  pins,  20,000;  hand  driven  field  rivets  and  turned  bolts,  16,000;  hard  bronze  expansion 
bearings,  1,000;  expansion  rollers,  per  lineal  inch,  600  d,  where  d  =  diameter  of  roller  in  inches; 
gtanite  masonry,  800,  concrete  i  12:4  mix,  600,  limestone  masonry,  400;  sandstone  masonry  300. 
Wind  load  stresses  need  not  be  considered  unless  in  combination  with  dead  and  live  load  stresses 
the  stresses  exceed  the  allowable  stresses  for  dead  and  live  load  by  more  than  2^  per  cent.  Stresses 
due  to  weight  of  member  or  eccentric  loading  need  not  be  considered  unless  in  combination  with 
dead  and  hve  load  stresses  the  stresses  exceed  the  allowable  stresses  for  dead  and  live  loads  by 
more  than  10  f>er  cent.  When  dead  and  live  load  stresses  are  of  opposite  character,  only  two- 
thirds  of  the  minimum  dead  load  stress  shall  be  considered  as  effective  in  counteracting  live  load 
stress.  If  reversal  is  due  to  moving  load,  each  kind  of  stress  shall  be  increased  by  50  per  cent  of 
the  smaller. 

nUnois  SsJiway  Coaunission. — ^The  following  allowable  stresses  are  specified.  No  allowance 
is  made  for  impact. 

Tension. — Medium  steel  and  steel  castings,  16,000  lb.  per  sc^.  in. 

Compression. — Medium  steel,  16,000  —  7o(//r)  lb.  per  sq.  in.,  but  not  to  exceed  14,000  lb. 
per  aq.  in.,  where  /  »  length  of  member  and  r  »  radius  of  gyration  of  member,  both  in  inches. 

Cast  Steel,  16,000  lb.  per  sq.  in. 

Bending. — Extreme  fiber  stress  on  rolled  and  built  up  sections  and  steel  castings,  16,000  lb. 
per  sq.  in.     Extreme  fiber  stress  on  pins,  24,000  lb.  per  sq.  in. 

Shear. — Shop  rivets  and  pins,  10,000  lb.  per  sq.  m.  Bolts  and  field  rivets,  8,000  lb.  per  sq.  in. 
Webs  of  rolled  and  built  section  (average)  10,000  lb.  per  sq.  in. 

Bearing, — Pins  and  shop  rivets,  20,000  lb.  per  sq.  in.     Bolts  and  field  rivets,  16,000  lb.  per 

3.  in.     Ex]»ndon  rollers  (steel  rollers  on  steel  plates),  6ood  lb.  per  lineal  inch,  where  d  ^  diameter 
roller  in  inches.    Expansion  rockers  (cast  iron.  State  standard),  yxyd  lb.  per  lineal  inch. 
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Reversal  of  Stress. — Connections  of  members  canying  reversing  stresses  shall  be  proportioned 
for  a  stress  found  by  adding  }  of  the  lesser  to  the  greater  stress. 

Wind  5/fd55.— Allowable  stresses  in  chords  may  be  increased  25  per  cent  to  provide  for  vind 
loads. 

Iowa  EBg^iway  CommisslQiL— The  following  stresses  on  steel  in  lb.  per  sq.  in.  are  specified: 

Tension. — ^Axial  tension  on  net  section 16,000 

Compression. — ^Axial  compression  on  gross  section  16,000  —  70  l/r  where  /  is  the  un- 
supported length  of  the  member  in  inches  and  r  is  the  least  radius  of  gyration  in  inches. 

Bending.^On  extreme  fibers  of  rolled  shapes,  built  sections  and  girders;  net  section .  16,000 

On  extreme  fibers  of  pins,  rivets  and  bolts 25,000 

Shearing. — On  pins  and  shop  driven  rivets 12,000 

On  field  driven  rivets  and  turned  bolts 9,000 

On  plate  girder  web;  gross  section 10,000 

Bearing.-~On  pins  and  shop  driven  rivets 24,000 

On  field  driven  rivets  and  turned  bolts 18,000 

On  masonry * 400 

On  steel  expansion  rollers  or  rockers  where  d  is  the  diameter  of  the  rocker  or  roller  in 

inches,  per  linear  inch 600  d 

On  pin  bearing  on  rockers 12,000 

For  Cast  Steel.— Tension 16,000 

Compression 16^000 

Shear 10,000 

Alternate  Stresses. — Members  subject  to  alternate  stress  of  tension  and  compression  shall  be 
proportioned  for  the  stress  giving  the  largest  section.  If  the  alternate  stresses  occur  in  succession 
durmg  the  passage  of  one  load,  each  stress  shall  be  increased  by  fifty  (50)  per  cent  of  the  other. 
The  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the  stresses. 

Counter  Stresses. — Wherever  live  and  dead  load  stresses  are  of  opposite  character,  only  70 
per  cent  of  the  dead  load  stresss  shall  be  considered  as  effective  in  counteracting  the  live  load  stress. 

Axial  and  Bending  Stresses  Combined. — Members  subject  to  both  axial  and  bending  stresses 
shall  be  proportioned  so  that  the  combined  fiber  stresses  will  not  exceed  the  allowed  axial  stress. 

Lateral  and  Other  Stresses  Combined. — For  stresses  produced  by  lateral  or  wind  forces  combined 
with  those  from  live  and  dead  load  forces,  the  unit  stress  may  be  increased  30  per  cent  over  those 
given  above ;  but  the  section  shall  not  be  less  than  required  if  the  lateral  or  wind  forces  be  neglected. 

MINIMUM  THICKNESS  OF  METAL.— Illinois  Highway  Commission  specifies  that  the 
minimum  thickness  of  metal  shall  be  A  in.  except  for  fillers.  Gusset  plates  shall  not  be  less  than 
I  in.  thick.    Webs  of  beams  and  channels  shall  not  be  less  than  }  in. 

Iowa  Highway  Commission  specifies  that  the  minimum  thickness  of  metal  shall  be  i  in. 
except  for  webs  of  channels  and  fillers. 

Cooper's  Specifications  (1909)  require  that  the  minimum  thickness  of  main  members  and 
their  connections  be  A  in.,  and  for  laterals  and  their  connections  be  I  in.,  except  for  fillers. 

The  author  recommends  that  -fig  in.  be  the  minimum  thickness  except  for  Di  and  Ds  bridges 
where  the  minimum  shall  be  i  in.  except  for  webs  of  channels,  which  may  be  0.20  in.  in  thickness. 

The  standard  minimum  thickness  for  metal  in  railway  bridges  is  }  in. 

TENSION  MEMBERS.— Tension  members  are  made  (i)  of  eye-bars;  (2)  of  square  or 
round  loop  bars;   (3)  of  simple  shapes,  and  (4)  of  built  sections. 

Eye-bars. — Eye-bars  are  used  for  main  tension  members  of  pin-connected  trusses.  The 
eyes  may  be  formed  (a)  by  upsetting  and  forging,  or  (b)  by  piling  and  welding.  By  the  first  method 
the  bar  is  upset  and  the  head  is  forged  in  a  die,  after  which  the  bar  is  reheated  and  annealed  and 
the  pin  hole  is  drilled.  By  the  second  method  a  "pile"  of  iron  bars  is  placed  on  the  end  of  the 
bar,  the  pile  is  heated  and  the  head  is  forged  in  a  die.  The  bar  is  then  reheated  and  annealed 
and  the  pin  hole  is  drilled.  Steel  eye-bars  should  always  be  made  by  upsetting  and  forging. 
The  American  Bridge  Company's  standard  eye-bars  are  given  in  Fig.  I  and  in  Table  20,  Appendix 
III.  Eye-bars  thinner  than  those  specified  are  liable  to  buckle  in  the  head.  Eye-bars  may  be 
obtained  in  different  thicknesses  varying  by  ^  inch.  Eye-bars  are  seldom  made  with  a  thickness 
of  more  than  one-third  or  less  than  one-sixth  of  the  depth  of  the  bar.  The  Osbom  Engineering 
Company  specifies  that  bars  shall  not  be  less  than  t  In.  in  thickness,  and  preferably  not  less  in 
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thickness  than  i  the  depth.  Eye-bars  should  be  parallel  as  nearly  as  possible;  the  maximum 
variation  should  never  be  greater  than  one  inch  in  eight  feet.  The  specifications  in  Appendix  I 
require  that  eye-bars  shall  not  be  out  of  line  more  than  one  inch  in  i6  feet  (§92).    Thick  bars  give 


Fig.  I.    Ordinary  Eye-bars.  Fig.  2.    Adjustable  Eye-bars. 

large  moments  on  the  pin.  Pins  are  ordinarily  specified  to  be  not  less  than  three-fourths  of  the 
depth  of  the  deepest  bar  coming  on  the  pin.  Bars  very  shallow  or  very  deep  will  therefore  require 
large  pins.  The  stresses  in  eye-bars  due  to  their  own  weight  are  given  in  Fig.  4,  Chapter  VI. 
Eye-bars  should  alwa3rs  be  used  in  pairs  and  should  be  kept  small  in  order  to  keep  down  the  size 
of  the  pins  and  reduce  the  cost  of  fabrication  of  the  pins.  Specifications  for  eye-bars  are  given  in 
Appendix  I. 

Adjustable  Eye-bars. — Where  eye-bars  are  used  for  counters  they  are  made  adjustable. 
The  American  Bridge  Company's  standard  adjustable  eye-bars  are  given  in  Fig.  2,  and  in  Table 
20,  Appendix  III.    The  parts  of  the  bar  may  be  connected  by  sleeve  nuts  or  tumbuckles. 


,sss-43l|-# 


K:P* 


1 

Fig.  3.    Loop-bar. 

Loop-bars. — Iron  bars,  both  square  and  round,  are  often  made  with  loop  ends.  Steel  bars 
should  never  be  used  with  loop  ends  for  the  reason  that  welded  steel  is  not  ordinarily  considered 
reliable.  The  American  Bridge  Company's  standard  loop-bars  are  shown  in  Fig.  3,  and  in  Table 
21,  Appendix  III.  Loop-bars  are  made  with  both  single  and  double  loops.  Clevises  are  to  be 
preferred  to  double  loops.     Loop-bars  bent  in  the  weld  should  not  be  used. 

Standard  Upsets. — Bars  upon  which  screw  ends  are  to  be  cut,  are  first  upset  so  that  the 
area  through  the  base  of  the  screw  will  be  in  excess  of  the  main  body  of  the  bar  by  a  required 
amount,  varying  from  16  to  40  per  cent.  The  American  Bridge  Company's  standard  upsets  for 
round  and  square  bars  are  given  in  Table  18  and  Table  19,  Appendix  III. 

Clevises. — ^Where  small  round  or  square  steel  bars  are  used,  the  ends  should  be  upset  and 
the  connection  to  the  pin  should  be  made  by  means  of  clevises.  The  American  Bridge  Company's 
standard  devises  are  given  in  Fig.  4,  and  in  Table  22,  Appendix  III. 

Tarnbackles  and  Sleeve  Nuts. — Eye-  or  loop-bars  are  made  adjustable  by  means  of  tum- 
buckks  or  sleeve  nuts.  Tumbuckles  are  more  often  used  than  sleeve  nuts.  The  tumbuckle  has 
the  advantage  that  the  ends  of  the  bars  are  visible,  while  it  has  the  disadvantage  that  is  can  be 
kxMened  with  a  bar.  The  American  Bridge  Company's  standard  tumbuckles  and  sleeve  nuts  are 
given  in  Fig.  5  and  Fig.  6,  and  in  Table  23,  Appendix  III. 

Riveted  Tension  Members. — ^The  problem  in  the  design  of  riveted  tension  members  is  the 
design  of  the  end  connections.    The  rivets  in  the  end  connections  should  be  symmetrical  with  the 
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neutral  axis  of  the  member.  This  is  sometimes  difficult  to  attain,  and  results  in  large  eccentric 
stresses.  In  riveted  tension  members  with  pjn-connections  it  is  usually  specified:  (i)  That  the 
net  area  through  the  pin  hole  must  exceed  the  required  net  area  of  the  member  by  25  per  cent, 
and  (2)  the  area  back  of  the  pin  hole  on  a  plane  through  the  center  of  the  pin  hole  and  parallel 
to  the  axis  of  the  member  must  be  not  less  than  75  per  cent  of  the  area  through  the  pin  hole.    The 


net  area  of  the  member'  must  be  used  in  calculating  the  strength  of  a  riveted  tension  member. 
In  deducting  for  rivet  holes  in  tension  members  it  is  often  specified  that  rupture  will  be  considered 
equally  probable  on  a  transverse  or  diagonal  section,  unless  the  diagonal  section  has  a  net  area  30 
•  per  cent  in  excess  of  the  transverse  section.  See  §  44  in  Specifications  in  Appendix  I  for  the  method 
of  calculating  net  area  of  a  riveted  tension  member. 
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Fig.  5.    TuRNBUCKi-B. 


Fig.  6.    Sleeve  Nut. 


The  net  area  of  a  tension  member,  A,  required  to  carry  a  direct  tension,  T,  with  a  safe  unit 
stress,  f,  18  A  »  T/f.  For  methods  of  calculating  the  stresses  in  tension  members  due  to  direct 
and  cross-bending  forces,  see  Chapter  VI. 

For  the  calculation  of  the  stresses  in  an  eccentric  riveted  connection,  see  Chapter  VI. 

The  areas  to  be  deducted  for  rivet  holes  in  tension  members  are  given  in  Table  35,  Appendix 
III. 

COBfPRESSION  MEMBERS. — ^Some  of  the  common  forms  of  compression  members  are 
shown  in  Fig.  7.  The  section  in  {b)  consisting  of  two  channels  and  a  top  cover  plate  with  lacing 
on  the  bottom,  and  section  (e)  consisting  of  two  channels  laced  on  both  top  and  bottom  are  com- 
monly used  for  the  top  chords  of  high  truss  pin-connected  highway  bridges.  Sections  (a),  (c), 
(d)  and  (g)  are  commonly  used  for  long  span  highway  and  railway  pin-connected  bridges.  Sections 
(«)f  (/)i  (i)  and  0)  are  used  for  intermediate  posts,  while  sections  (k)  to  (k)  are  used  for  the 
chords  of  riveted  highway  bridges.  A  type  of  chord  should  be  selected  that  will  give  the  desired 
results  and  will  at  the  same  time  give  a  low  cost  for  fabrication.  Where  chords  are  made  without 
a  top  cover  plate,  the  lacing  must  be  designed  to  carry  the  diagonal  shear  in  addition  to  the  usual 
stresses.  The  least  radius  of  gyration  of  sections  (a)  to  (d),  inclusive,  is  approximately  four- 
tenths  of  the  width  of  the  member,  while  the  least  radius  of  gyration  of  sections  {e)  to  (g),  inclusive, 
is  approximately  three-eighths  of  the  depth.  Approximate  radii  of  gyration  of  built  sections  are 
given  in  Table  43,  Appendix  III. 
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In  selecting  a  chord  section  the  radius  of  gyration  should  be  kept  as  large  as  possible,  the 
member  at  the  same  time  satisfying  the  following  requirements:  (i)  The  thickness  of  the  top 
cover  plate  should  not  be  less  than  1/40  the  distance  between  the  centers  of  the  rivets  connecting 
the  plate  to  the  angles  or  channels.     (2)  The  thickness  of  the  side  plates  should  not  be  less  than 
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Fig.  7.    Riveted  Sections  for  Compression  Members. 

1/50  the  distance  between  the  centers  of  the  rivets  connecting  it  to  the  angles.  (3)  The  angles 
should  not  be  thinner  than  three-fourths  the  thickness  of  the  thickest  plate  attached  to  them. 
(4)  The  radius  of  gyration  of  the  member  about  both  axes  should  be  approximately  the  same. 
Areas,  moments  of  inertia,  radii  of  gyration,  eccentricities  and  other  data  for  built  chord  sections 
are  g^rven  in  the  tables  in  Appendix  III. 

DESIGN  OF  COMPRESSION  MEMBERS.— The  allowable  stresses  in  compression  mem- 
bers are  given  in  the  standard  specifications  in  this  chapter.  For  the  details  of  the  calculations 
of  the  moments  of  inertia,  radii  of  gyration  and  allowable  stresses  in  compression  members,  see 
Chapter  VI. 

lAcfaig. — Lacing  bars  are  used  to  join  the  parts  of  the  member  together,  and  make  it  act  as 
a  solid  member  to  redst  the  shear  due  to  bending  and  the  diagonal  shear  in  the  member.  Lacing 
bars  are  commonly  made  with  a  thickness  of  not  less  than  1/40  the  distance  between  end  rivets 
for  single  lacing,  or  1/60  of  the  distance  between  rivets  for  double  lacing  riveted  in  the  middle. 
The  spacing  should  be  such  that  the  part  of  the  column  between  the  rivets  is  stronger  than  the 
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Style  2. 
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Fig.  8.    Standards  for  Lacing  Bars.    American  Bridge  Company. 
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column  as  a  whole.  Specifications  require  that  the  lacing  bars  make  an  angle  with  the  axis  of  the 
member  of  from  60  to  45  degrees.  The  American  Bridge  Company's  standard  lacing  bars  are 
given  in  Fig.  8. 

Design  of  Lacing  Bars, — ^The  lacing  bars  in  a  column  hold  the  parts  of  the  column  in  line,  cany 
part  of  the  diagonal  shear,  and  transfer  part  of  the  stress  in  colunms  with  an  eccentric  loading. 
The  stresses  in  t;he  bars  required  to  hold  the  parts  of  the  colunm  in  line  are  small  for  stresses  in 
the  colunm  within  the  elastic  limit  of  the  material.  The  maximum  diagonal  shear,  5,  in  a  solid 
member  is  5  »  }P,  where  P  »  the  total  direct  axial  load  on  the  member.     In  columns  composed 
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Fig.  10.    Detail  Shop  Plan  of  Top  Chord. 

of  channels,  angles,  etc.,  the  flange  area  is  ordinarily  sufficient  to  carry  this  shear  without  producing 
large  stresses  in  the  lacing  bars.  The  moment,  M\  due  to  the  eccentric  loading  is  IT  »  P-^ 
where  P  =  the  total  direct  load  on  the  column  and  e  =*  the  eccentricity  of  the  loading.  The 
lacing  bars  will  take  the  shear  due  to  this  bending  moment,  if  the  flanges  are  light.  It  will  be 
seen  from  the  foregoing  that  the  stresses  in  lacing  bars  depend  (i)  upon  the  make-up  of  the  column, 
(2)  upon  the  care  used  in  building  the  column,  and  (3)  upon  the  eccentricity  of  the  loading. 

For  a  column  with  a  concentric  loading,  experiments  show  that  the  allowable  unit  stress 
may  be  represented  by  the  straight  line  formula  P  «  16,000  —  7o//r  lb.  per  sq.  in.,  where  P  =  al- 
lowable unit  stress  in  the  member,  /  «  length  of  the  member,  c  to  c  di  end  connections,  and 
f  =*  radius  of  gyration  of  the  column,  both  in  inches.  Now  the  allowable  unit  stress  on  a  short 
block  is  16,000  lb.,  and  the  7o//r  represents  the  increase  in  the  fiber  stress  in  the  column.  Now  if 
we  assume  that  this  fiber  stress  is  caused  by  a  horizontal  load,  W^  applied  at  the  center  of  the  height 
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Fig.  13.    American  Bridge  Company's  Standards  for  Rivets  and  Riveting. 
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of  the  column,  then  W'//4  «■  7o/'//r*y,  where  /  —  moment  of  inertia  of  the  cross-section  of  the 
column  ^  A'f^t  where  A  =  the  area  of  the  cross-section  of  the  column,  and  y  «  the  distance 
from  the  neutral  axis  of  column  to  the  extreme  fiber  in  the  plane  parallel  to  the  plane  of  the  ladng 
bars.  Then  W-l/^.  =  yoA-t^-lIfy,  and  W  =  2^A'rly.  Now  the  shear  in  the  column  will  be 
W/2,  and  the  shear  is  5  =  i^oA'r/y,  and  the  stress  in  a  lacing  bar  will  be  =  i^oA'T'CscBly, 
where  d  —  the  angle  made  by  the  bar  with  the  axis  of  the  column.  This  shows  that  the  stresses 
in  the  lacing  bars  in  the  column  with  a  concentric  loading  depend  upon  the  make-up  of  the  column, 
and  are  independent  of  the , length  of  the  column. 

Details  of  Compression  Members. — ^The  details  of  the  end-post  I«  Ui  and  top  chord  Ui  d 
of  a  highway  camel-back  truss  are  given  in  Fig.  9  and  Fig.  10.     "  Batten  plates  should  be  placed 
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Fig.  14.    Conventional  Signs  for  Rivets. 

as  near  the  ends  of  the  member  as  practical,  should  have  a  thickness  not  less  than  1/40  the  distance 
between  centers  of  rivets  at  right  angles  to  the  axis  of  the  member,  and  should  have  a  length  not 
less  than  the  greatest  width  of  the  member  or  1}  times  the  least  width  of  the  member."  The 
distance  between  rivets  is  i'  of"  and  the  thickness  should  be  greater  than  J"  (should  be  "ft"),  the 
length  should  not  be  less  than  1}  times  12"  or  i'  6'^  The  top  cover  plate  satisfies  the  specifica- 
tions for  minimum  thickness.  The  rivet  spacing  in  the  line  of  stress  should  not  be  greater  than 
16  times  the  thickness  of  the  thinnest  outside  plate  (16  X  A"  "^  5")  or  6".  This  specification 
is  not  fulfilled  near  the  center. 

"The  rivet  spacing  should  not  be  less  than  three  diameters  of  rivet."  Rivets  are  }  inch  and 
the  specifications  are  fulfilled.  "  For  a  length  from  the  end  equal  to  twice  the  width  of  the  member 
the  rivet  spacing  should  not  exceed  4  times  the  diameter  of  the  rivet."  This  specification  is 
fulfilled  for  I«C^i,  and  is  practically  fulfilled  for  V\U\,  "Where  pin  plates  are  used  at  least  one 
pin  plate  must  extend  6  inches  beyond  the  edge  of  the  nearest  batten  plate."  This  specification  is 
fulfilled  for  U\U\^  but  is  not  fulfilled  for  IaJJ\,    The  lacing  bars  satisfy  the  American  Bridge 
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Company's  standards  for  t  «  c/50,  but  not  for  /  »  c/40.  The  rivets  in  the  pin  plates  are  arranged 
symmetrically  with  reference  to  the  pin  centers.  This  may  or  may  not  be  symmetrical  with  the 
neutral  axis  of  the  member.  The  details  of  the  joint  at  pin  Ui  are  clearly  shown.  For  specifica- 
tions for  riveting,  see  Appendix  I.  Properties  of  channel  and  plate  chord  sections  are  given  in 
Appendix  III. 

Shop  details  of  an  end-post  and  of  a  top  chord  of  a  railway  bridge  are  given  in  Fig.  11,  and 
Fig.  12.  Properties  of  built-up  chord  sections  are  given  in  Ketchum's  Structural  Engineer's 
Handbook. 

Angles, — ^The  areas  of  angles  are  given  in  Table  i,  while  the  weights  of  angles  are  given  in 
Table  2,  Appendix  III. 

Rivets, — ^The  standard  form  of  rivets,  as  used  by  the  American  Bridge  Company  for  structural 
and  bridge  work,  are  given  in  Fig.  13  together  with  other  standards  for  riveting.  The  spacing  of 
rivets  in  the  legs  of  angles  and  the  maximum  sizes  of  rivets  are  given  in  Fig.  13.  The  American 
Bridge  Company's  conventional  signs  for  rivets  are  given  in  Fig.  14.  The  spacing  of  rivets  in  the 
flanges  of  channels  and  I  beams  and  the  maximum  sizes  of  rivets  are  given  in  Ketchum's  Structural 
Engineer's  Handbook. 

The  shearing  and  bearing  values  of  rivets  for  several  different  unit  stresses  are  given  in  Table 
33.  Appendix  III. 

PINS. — ^The  American  Bridge  Company's  standard  bridge  pins  with  Lomas  nuts  are  given 
in  ^is-  15?  And  in  Table  24,  Appendix  III.  Square  nuts  are  sometimes  used.  The  figured  grip 
for  Lomas  nuts  is  increased  as  shown  to  make  sure  that  the  pin  has  a  full  bearing.    Where  square 


^ W»»ni¥JWMeai§hoglc|!Bf} ^I^H 
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\ 
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Fig.  15.    Bridge  Pin  and  Nut. 


nuts  are  used  a  washer  should  be  provided  at  one  end  and  the  grip  should  be  increased  accordingly. 
In  calculating  the  grip  it  is  usual  to  assume  that  bars  may  be  A  inch  thicker  than  the  figured 
thickness,  that  riveted  members  may  be  J  inch  wider  or  narrower  than  the  figured  dimensions. 
Members  should  be  packed  on  the  pin  so  that  the  bending  moments  will  be  as  small  as  possible. 
Steel  pilot  nuts  and  points  for  protecting  the  threads  of  the  pin  are  shown  in  Fig.  17a  and  Fig.  17b, 
respectively.  The  allowable  bending  moments  on  pins  for  different  fiber  stresses  are  given  in 
Table  27,  Appendix  III.  The  method  of  calculating  the  stresses  in  pins  is  described  in  deuil  in 
Chapter  VI. 

LATERAL  PINS. — ^The  American  Bridge  Company's  standard  cotter  pins  are  given  in  Fig. 
16,  and  in  Table  25,  Appendix  III.  These  pins  are  used  only  for  laterals  and  other  similar 
members. 


Fig.  16.    Cotter  Pins. 

LATERAL  CONNECTIONS.— Details  of  lateral  connections  for  highway  bridges  are  given 
in  Tables  39  to  41  in  Appendix  III. 
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(a)  Pilot  Nut.  (b)  Pilot  Point. 

Fig.  17.    American  Brdige  Company  Pilot  Nuts  and  Points. 

SHOES  AND  PEDESTALS. — The  bridge  rests  on  shoes  or  pedestals,  the  loads  being  trans- 
ferred to  the  shoes  in  pin-connected  bridges  by  means  of  pins,  and  through  pins  or  thxx>ugh  the 
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Fig.  18.    Details  of  Shoes  and  Roller  Nest  for  a  Highway  Bridge. 
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riveted  joints  in  riveted  bridges.  The  shoes  at  the  expansion  ends  of  the  bridge  are  placed  on 
smooth  sliding  plates  for  bridges  of  less  than  60  to  80  ft.  span,  and  on  nests  of  rollers  or  rockers  for 
spans  of  greater  length.    The  action  of  the  rollers  under  the  expansion  ends  of  riveted  bridges 
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Fig.  19.    Details  of  a  Steel  Shoe  with  Segmental  Rollers. 

will  be  much  more  satisfactory  if  the  shoes  are  pin-connected  to  the  truss  the  same  as  for  pin- 
connected  trusses.  Rollers  should  be  made  with  as  large  diameters  as  practicable  in  order  to 
reduce  the  pressure  on  the  base  plate  and  also  to  reduce  the  resistance  to  movement.     Experience 
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Fig.  20.    Details  of  Segbiental  Rolleks. 
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shows  that  even  for  light  bridges  rollers  smaller  than  3  in.  diameter  are  practically  worthless. 
Details  of  a  roller  bearing  for  a  highway  bridge  are  shown  in  Fig.  18.  Additional  details  are 
shown  in  Chapters  XIII  and  XIV.    The  bed  plate  which  supports  the  rollers  should  be  made  of 
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sufficient  thickness  to  give  a  rigid  bearing  for  the  rollers.  To  economize  space,  segmental  rollers, 
as  shown  in  Fig.  19,  are  often  used  for  heavy  spans.  Details  of  segmental  rollers  are  shown  in 
Fig.  20.  The  allowable  pressure  of  steel  rollers  on  a  steel  bed  plate  is  given  in  the  specifications  in 
Appendix  I  as  600  d  pounds  per  lineal  inch  of  roller,  where  d  is  the  diameter  of  the  roller.  Seg- 
mental rollers  permit  smaller  and  thinner  bed  plates  than  circular  rollers  due  to  the  closer  spacing 
of  the  rollers. 

The  Illinois,  Iowa,  Wisconnn  and  Minnesota  Highway  Commissions  use  cast  iron  rockers  on 
steel  bed  plates  in  place  of  steel  rollers  for  the  expansion  ends  of  highway  bridges.  Details  of  the 
standard  rocker  used  by  the  Iowa  Highway  Commission  are  shown  in  Fig.  5,  Chap.  XIV.  This 
rocker  is  used  for  spans  from  70  ft.  to  150  ft.  T)yt  bed  plate  is  increased  in  size  for  spans  of  over 
120  ft.  Details  of  rockers  are  shown  in  Fig.  5,  Fig.  6,  and  Fig.  15,  Chapter  XIII,  and  in  Fig.  3,  Fig. 
4,  Fig.  5  and  Fig.  17,  Chapter  XIV.  The  standard  rocker  of  the  Illinois  Highway  Commission  is 
practically  identical  with  the  Iowa  Highway  Commission  standard.  The  standard  rocker  of 
the  Wisconsin  Highway  Commission  is  somewhat  heavier,  as  can  be  seen  by  a  comparison  of  the 
details.  Cast  iron  rockers  are  commonly  designed  for  an  allowable  load  per  lineal  inch  of  rocker 
of  300  d,  where  d  is  the  diameter  of  the  rocker.  In  specifications  in  Appendix  I,  cast  iron  rocken 
are  to  be  designed  for  an  allowable  load  per  lineal  inch  of  300  d,  a  cross-bending  stress  of  3,000  lb 
per  sq.  in.,  and  a  shearing  stress  of  1,500  lb.  per  sq.  in.  Calculations  made  by  the  author  on  the 
strength  of  the  Iowa  standard  rocker  for  a  span  of  70  ft.,  gave  a  maximum  cross-bending  stress  of 
4,500  lb.  per  sq.  in.  at  the  center,  and  a  shear  of  1,500  lb.  per  sq.  in.  The  stresses  will  be  greater 
when  the  rocker  is  used  for  longer  spans.  The  Wisconsin  rocker  shown  in  Fig.  4,  Chapter  XIV, 
is  somewhat  more  rigid  than  the  Iowa  standard.  The  author  has  modified  the  Iowa  standard 
rocker  in  the  designs  in  Fig.  16,  Chapter  XIII,  and  Fig.  18,  Chapter  XIV,  by  increasing  the  thick- 
ness of  the  rocker  at  the  center  from  2}  in.  to  3  in. 

It  is  usual  to  specify  that  a  movement  produced  by  a  variation  of  150  degrees  Fahr.  be  pro- 
vided for.  The  coefficient  of  expansion  of  steel  is  approximately  0.000,006,7  per  degree  Fahr., 
which  makes  it  necessary  to  provide  for  approximately  one  inch  of  movement  for  each  80  ft.  of 
bridge  span. 

Where  both  bridge  seats  are  of  the  same  height,  the  fixed  end  is  carried  on  cast  iron  pedestal 
blocks.    The  blocks  are  usually  made  with  recesses  (honey-combed)  to  reduce  the  weight. 

FENCE  AND  HUB  GUARDS. — ^The  fence  on  steel  bridges  is  commonly  made  of  two  lin^ 
of  channels  or  two  lines  of  angles  with  angle  posts.  Posts  should  not  be  spaced  farther  apart 
than  8  ft.  to  10  ft. 

The  simplest  form  of  fence  is  that  shown  in  Fig.  22.  The  posts  are  made  of  4  in.  X  4  in. 
pieces  and  are  spaced  about  8  ft.  apart.  The  top  railing  is  made  of  two  pieces  2  m.  X  4  in.»  while 
the  side  piece  is  a  2  in.  X  8  in.    Similar  details  are  used  for  steel  joists. 

The  4  in.  X  6  in.  felloe  guard  should  be  firmly  bolted  to  the  floor.  Blocks  of  wood  i  or  2 
inches  thick  called  "shims "  are  sometimes  placed  between  the  felloe  guard  and  the  floor.  Shims  are 
of  questionable  utility,  and  should  not  be  used.  A  gas  pipe  fence  with  angle  rail  is  shown  in  Fig. 
21.  A  gas  pipe  railing  with  gas  pipe  posts  is  shown  in  Fig.  23.  The  posts  should  be  spaced  not 
more  than  8  ft.  apart.  The  rail  in  Fig.  23  was  used  in  the  Pennsylvania  Ave.  Subway,  Phila- 
delphia, and  was  furnished  at  $0.95  per  lineal  foot.  An  ornamental  fence  with  pipe  top  rail  and 
cast  iron  newel  posts  is  shown  in  Fig.  24.  The  rail  in  Fig.  24  was  used  on  the  same  contract  as 
that  shown  in  Fig.  23,  and  was  furnished  at  $2.00  per  lineal  foot.  Details  of  the  fence  and  light 
poles  for  the  20th  St.  Viaduct,  and  the  fence  on  23d  St.  Viaduct,  Denver,  Colo.,  designed  by  Mr. 
H.  S.  Crocker,  consulting  engineer,  are  shown  in  Fig.  25. 

WATERPROOFING. — Concrete  mixed  so  as  to  give  maximum  density  and  reinforced  with 
not  less  than  one-third  of  one  per  cent  of  reinforcement  to  prevent  cracks  is  quite  impervious. 
The  water-tightness  of  the  concrete  may  be  increased  by  plastering  the  top  of  the  slab  with  1-2 
Portland  cement  mortar. 
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Excellent  results  will  be  obtained  by  painting  the  side  of  the  concrete  exposed  to  hydrostatic 
pressure  with  a  coal  tar  paint,  made  by  mixing  i6  parts  of  coal  tar  with  4  parts  of  Portland 
cement  and  3  parts  of  kerosene.    The  Portland  cement  should  first  be  stirred  into  thekerosene» 


Fig.  21. 


Fig.  22. 


forming  a  creamy  mixture,  the  mixture  is  then  stirred  into  the  coal  tar.  In  cold  weather  the  paint 
should  be  warmed.  The  paint  sinks  into  the  concrete  an  J  in.  or  so,  and  sticks  well  to  the  surface. 
Not  less  than  two  coats  should  be  applied.  The  author  has  obtained  excellent  results  with  coal 
tar  paint  in  waterproofing  the  backs  of  retaining  walls  and  bridge  abutments. 
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Asphalt  and  coal  tar  are  also  used  for  waterproofing  concrete  structures. 

The  most  effective  waterproofing  is  to  apply  several  layers  of  burlap  soaked  in  asphalt  or  tar. 
E^h  layer  is  laid  shingle  fashion  and  each  layer  is  mopped  with  tar  or  asphalt  before  the  next 
layer  is  applied.  For  detail  specifications  for  waterproofing  bridge  floors  by  this  method,  see  the 
author's  "Structural  Engineer's  Handbook." 

PROTECTION  OF  OVERHEAD  BRIDGES.— Where  bridges  span  railroad  tracks  the  steel 
in  the  floor  system,  lower  chords  and  other  exposed  parts  is  exposed  to  the  sand  blast  action  of 
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the  locomotive  exhaust  and  the  corrosive  effect  of  the  locomotive  gases.    The  clearance  above  the 
locomotives  is  usually  small  and  the  steel  work  must  be  given  special  protection. 

The  following  methods  have  been  used  for  protecting  the  steel  work  in  overhead  bridges. 


F£NCE  FOR  20T^  ST-  VlADUCT, 
OBNY£R,  COLOMOO- 


Electmc  Ught  Pole, 
20^  5T  Viaduct,  Denver,  Coio* 


Fig.  25.    Steel  Fence  for  Highway  Bridges. 


(a)  Cast  Iron  Plates. — Cast  iron  plates  have  been  used  on  several  railroads.  On  the  Cleveland 
Short  Line  Nickel  Plate  Grade  Crossing,  Cleveland,  Ohio,  the  cast  iron  ceiling  plates  were  2  ft. 
4i  in.  wide  and  4  ft.  long,  and  about  |  in.  thick  with  3  in.  ribs.  This  method  is  quite  satisfactory 
but  expensive. 
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ib)  Asbestos  Sheaiking. — Asbestos  sheathing  in  sheets  4  ft.  by  4  ft.  by  f  in.  thick  have  been 
extensively  used  for  protecting  overhead  bridges.  The  sheets  are  fastened  to  light  angle  members. 
The  bolts  extending  below  the  asbestos  sheets  are  covered  with  a  mixture  of  asbestos  fiber  and 
Portland  cement,  mixed  i  to  3.  It  is  claimed  that  an  asbestos  protection  2  ft.  on  each  side  of  the 
center  line  of  the  track  gives  a  satisfactory  protection.  The  use  of  asbestos  sheathing  is  quite 
satisfactory. 

(c)  Wood  Boards. — Boards  swell  and  shrink  and  give  an  inadequate  protection.  There  is 
also  a  fire  hazard. 

(d)  Paint  and  Cement  CoaUng.-^  coat  of  red  lead  and  linseed  oil  is  applied,  mixed  in  the 
proportions  of  25  lb.  of  red  lead  per  gallon  of  oil.  While  the  paint  is  still  wet,  clean,  coarse  sand 
is  thrown  against  it  so  that  about  one-half  the  diameter  of  the  grains  is  embedded  in  the  paint. 
After  the  paint  is  dry  two  coats  of  cement  grout,  creamy  in  consistency  and  mixed  in  the  propor* 
tions  of  one  sand  to  one  Portland  cement,  is  applied  with  brushes.  This  method  is  relatively 
inexpensive  and  gives  fair  protection,  where  there  is  adequate  clearance. 

(e)  Concrete  Coating  With  Cement  Gun, — ^The  metal  to  be  protected  is  covered  with  wire 
mesh  or  expanded  metal  reinforcement.  The  cement  mortar  is  applied  to  the  reinforcement  by 
means  of  a  cement  gun.  The  cement  mortar  should  be  not  less  than  1}  in.  thick.  The  results 
obtained  by  this  method  are  satisfactory  where  conditions  are  not  too  severe.  This  method  has 
the  added  advantage  that  the  entire  structure  may  be  coated  and  the  steel  part  of  the  structure 
can  be  made  to  harmonize  with  the  concrete.  Fairly  satisfactory  results  have  been  obtained  by 
applying  the  mortar  with  trowels.  For  description  of  the  cement  gun  and  of  its  work,  see 
Journal  Western  Society  of  Engineers,  Vol.  19,  1914,  pp.  272-318. 

PAINTING. — Paint  is  a  combination  of  a  pigment  and  a  vehicle.  The  common  pigments 
used  for  painting  structural  steel  are  red  lead,  white  lead,  iron  oxide,  zinc,  graphite  or  carbon. 
Linseed  oil  is  the  best  and  most  common  vehicle.  Linseed  oil  oxidizes,  and  the  hardening  of  the 
film  can  be  hastened  by  the  addition  of  Japan  drier,  turpentine  or  other  drier.  The  drier  weakens 
the  film  and  should  not  be  used.  By  heating  raw  linseed  oil  for  the  required  time  the  film  hardens 
much  more  rapidly.  Boiled  linseed  oil  should  be  used  for  structural  steel  paints.  The  pigment 
should  be  thoroughly  ground  into  and  be  mixed  with  the  oil.  A  common  rule  for  mixing  paint 
is  to  mix  with  each  gallon  of  linseed  oil  a  weight  of  pigment  in  pounds  equal  to  three  to  four  times 
the  specific  gravity  of  the  pigment.  This  rule  gives  the  following  weights  per  gallon  of  linseed  oil : 
red  lead,  25  to  33  lb.;  white  lead,  19  to  26  lb.;  zinc,  15  to  21  lb.;  iron  oxide,  15  to  20  lb.;  lampn 
black,  8  to  10  lb.;  graphite,  8  to  10  lb. 

The  covering  capacity  of  a  paint  depends  upon  the  uniformity  and  thickness  of  the  coating. 
To  obtain  any  given  thickness  of  paint  requires  practically  the  same  amount  of  paint,  whatever 
its  pigment  may  be.  A  graphite  or  carbon  paint  will  cover  nearly  twice  as  much  surface  as  a  good 
red  lead  paint.  Red  lead  or  iron  oxide  will  cover  a  surface  of  500  to  600  sq.  ft.  with  one  coat; 
while  carbon  or  graphite  will  cover  a  surface  of  from  750  to  800  sq.  ft.  Light  structural  work 
will  average  about  250  sq.  ft.,  and  heavy  structural  work  about  150  sq.  ft.  per  net  ton  of  metal. 
It  is  the  common  practice  to  estimate  }  gallon  of  paint  per  ton  for  the  first  coat,  and  }  gallon  of 
paint  for  the  second  coat  per  ton  of  structural  steel  for  average  conditions. 

The  paint  should  be  thoroughly  brushed  out  with  a  round  brush  to  remove  all  the  air.  The 
paint  should  be  mixed  only  as  wanted,  and  should  be  kept  well  stirred.  When  it  is  necessary  to 
apply  paint  in  cold  weather,  it  should  be  heated  to  a  temperature  of  130  to  150  degrees  F.;  paint 
should  not  be  put  on  in  freezing  weather.  Paint  should  not  be  applied  when  the  surface  is  damp, 
or  during  foggy  weather.  The  first  coat  should  be  allowed  to  stand  for  three  or  four  days,  or  until 
thoroughly  dry,  before  applying  the  second  coat.  If  the  second  coat  is  applied  before  the  first 
coat  has  dried,  the  drying  of  the  first  coat  will  be  very  much  retarded. 

Before  applying  the  paint  the  surface  should  be  thoroughly  cleaned  of  all  dirt,  grease,  scale, 
rust  or  dead  paint.  The  metal  may  be  cleaned  by  scraping  and  brushing  with  wire  brushes,  or 
by  means  of  a  sand  blast.    The  cost  of  cleaning  steel  with  a  sand  blast  will  vary  from  $1.50  to 
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$2.00  per  ton,  not  including  rent  for  the  apparatus.    The  paint  should  be  applied  immediately 

after  cleaning,  and  before  rusting  has  started. 

For  additional  data  on  paints  see  the  author's  "  Structural  Engineer's  Handbook." 

The  most  common  shop  coat  is  red  lead  paint,  although  some  engineere  prefer  linseed  oil 

alone,  or  mixed  with  sufficient  lampblack  to  give  a  black  coating. 

The  specifications  for  paint  and  painting  as  required  by  various  commissions  follow.     The 

author's  specifications  for  field  painting  are  given  in  Appendix  I. 

Examples  of  Paint  Specifications. — ^The  practice  in  painting  highway  bridges  will  be  shown 
by  the  following  abstracts  from  specifications. 

Iowa  Highway  Commission. — ^Painting  Metal  Structures. — One  shop  coat  and  one  field  coat 
are  required.  All  metal  must  be  cleaned  ot  rust,  scale,  dirt  or  grease  and  must  be  dry  before  apply- 
ing shop  coat.  Shop  coat  to  be  applied  after  assembling  and  riveting.  Parts  not  accessible  after 
erection  to  be  painted  two  coats.  Machined  surfaces  to  be  coated  with  lead  and  tallow.  Shop 
paint  shall  be  one  of  the  following  pigments  mixed  with  pure  linseed  oil  or  China  wood  oil,  with 
not  more  than  10  fjer  cent  Japan  drier.  Red  lead  paint,  not  less  than  65  per  cent  pigment;  sub- 
limed blue  lead  paint,  not  less  than  60  per  cent  pigment;  sublimed  lead  sulfate,  not  less  than  60 
per  cent  pigment;  basic  lead  or  zinc  chromate  {xunt,  not  less  than  60  per  cent  pigment;  iron  oxide 
paint,  not  less  than  55  per  cent  pigment;  graphite  paint,  not  less  than  35  per  cent  pigment.  Iron 
oxide  is  to  be  mixed  with  not  less  than  10  per  cent  basic  lead  or  zinc  chromate.  Natural  graphite 
is  to  be  mixed  with  not  less  than  20  per  cent  basic  lead  or  zinc  chromate.  All  percentages  are 
in  terms  of  weight  of  finished  paint. 

After  structure  is  erected  complete  it  is  to  be  cleaned  of  dirt,  grease  or  oil  and  is  to  be  given 
one  coat  of  paint.  Field  paint  shall  be  one  of  the  following  pigments  mixed  with  pure  TOiled 
linseed  oil  or  China  wood  od,  with  not  more  than  10  per  cent  Japan  drier.  Red  lead,  not  less  than 
55  per  cent  pigment;  sublimed  blue  lead,  not  less  than  50  per  cent  pigment;  sublimed  sulfate  of 
lead,  not  less  than  55  per  cent  pigment;  iron  oxide,  not  less  than  50  per  cent  pigment;  pure 
grai^hite  (natural),  or  pure  carbon,  not  less  than  25  per  cent  pigment.  Red  lead  is  to  have  some 
tintine  pigment  in  sufficient  quantities  to  eliminate  lading  of  straight  red  lead  paint. 

No  painting  shall  be  done  in  wet  weather,  or  when  tne  temperature  is  not  above  45  degrees 
F  for  at  least  10  hours  per  day. 

Before  repainting  old  bridges  all  loose  paint,  scale,  rust  and  dirt  shall  be  removed  by  a  sand 
blast,  with  metal  scrapers,  wire  brushes,  or  the  painters  torch.  The  quality  of  cleaning  shall  be 
equal  to  that  produced  by  the  sand  blast.  First  coat  of  paint  shall  be  applied  as  soon  as  prac- 
ticable after  cleaning.  If  rusting  results  before  painting,  surface  must  be  recleaned.  One  coat  of 
Crime  paint  and  one  coat  of  field  paint  shall  be  applied.  The  first  coat  shall  have  time  to  diy 
efore  applying  the  second  coat. 

Wood  structures  shall  be  given  two  coats  of  white  paint  made  by  mixing  pure  white  lead 
65  per  cent,  pure  zinc  white  20  per  cent,  and  not  more  than  15  per  cent  inert  material.  The  paint 
shall  contain  from  60  to  65  per  cent  pigment  and  pure  boiled  linseed  oil,  Japan  drier  shall  not  exceed 
10  per  cent. 

Illinois  Highway  Commission. — ^Three  coats  of  paint  shall  be  used  as  follows:  A  shop  coat 
of  pure  sublimed  blue  lead  and  pure  boiled  linseed  oil;  a  second  coat,  applied  in  the  field  of  a 
mixture  of  80  per  cent  pure  sublimed  white  lead  and  20  per  cent  pure  blue  lead  and  pure  boiled 
linseed  oil;  the  third  coat  to  be  of  pure  sublimed  lead  and  pure  linseed  oil.  The  mixed  paint 
shall  contain  not  less  than  50  nor  more  than  54  per  cent  of  pigment  by  weight. 

The  specifications  for  details  of  applying  shop  and  field  coats,  and  repainting  old  bridges  are 
practically  the  same  as  given  in  the  specifications  of  the  Iowa  Highway  Commission. 

Minnesota  Highway  Commission. — Shop  coat  of  red  lead  made  by  mixing  25  lb.  red  lead. 
94  per  cent  pure,  with  one  gallon  pure  boiled  linseed  oil.  Field  coat  to  be  an  approved  graphite 
paint.  If  specified,  trusses  and  railing  and  rail  posts  of  beam  spans  shall  be  pEiinted  with  pure 
sublimed  white  lead  and  pure  boiled  linseed  oil  so  mixed  that  the  paint  contains  not  less  than  50 
nor  more  than  54  per  cent  pigment  by  weight.     The  use  of  tar  and  asphaltum  paints  b  prohibited. 

Michigan  ffighway  Commission. — Shop  coat  to  be  red  lead  and  linseed  oil.  Two  field  coats 
to  be  of  very  distinct  colors.  The  final  coat  being  black,  either  red  lead  and  a  linseed  oil;  or 
other  paint  as  specified. 

Virginia  State  Hi^^way  Commission. — Shop  coat  of  red  lead  and  oil.  Two  field  coats,  the 
first  pure  sublimed  white  lead  and  oil;  the  second  coat  of  pure  white  lead,  with  four  ounces  of 
lamp  black  in  oil  and  eight  ounches  of  French  ochre  per  100  lb.  of  pigment.  Mixed  paint  to  have 
55  per  cent  of  pigment  by  weight,  approximately  18  lb.  of  pigment  per  gallon  of  linseed  oil. 
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Oregon  Sdiway  Commissioii. — ^Shop  coat  of  best  carbon  primer  or  red  lead  and  linseed  oil 
m  proportion  0130  lb.  paste  to  one  gallon  of  oil.  Two  field  coats  as  specified.  All  three  coats  of 
paint  to  be  of  different  color. 

PemisylTaniA  State  Highway  Department— Shop  coat  to  be  red  lead  (85  per  cent  pure) 
mixed  with  pure  raw  linseed  oil.  Field  coats  to  be  one  coat  of  red  lead  (85  per  cent  pure),  and  two 
coats  of  white  lead  and  zinc  white,  mixed  in  proportion  of  75  lb.  white  lead  to  2^  lb.  zinc  white, 
in  pure  linseed  oil  without  turpentine  or  drier.     The  final  coat  of  paint  may  be  tmted  as  desired. 

En^eering  Instltate  of  Canada. — ^Shop  coat  of  pure  red  lead  and  lampblack  mixed  in  the 
propcntions  of  25  lb.  of  red  lead,  4  oz.  of  lampblack,  and  one  gallon  boiled  linseed  oil.  Shall  not 
be  thinned  with  turpeniine,  benzine  or  other  liquids,  and  no  drier  will  be  allowed.  Parts  in- 
accessible after  erection  to  be  given  two  coats  of  shop  paint.  Planed  and  turned  si^aces  to  be 
coated  with  white  lead  mixed  with  tallow  before  leaving  the  shop.  Metal  surfaces  thoroughly 
cleaned  before  applying  shop  coat,  using  sand  blast  if  necessary  and  dusted  with  stiff  bristle  brush. 
Tu-o  field  coats  of  approved  paint  after  erection.     Field  coats  to  be  of  different  colors. 

In  "Bridge  Engineering"  Mr.  J.  A.  L.  Waddell  after  a  thorough  discussion  recommends  a 
shop  coat  of  red  lead  ground  in  linseed  oil,  and  two  field  coats  of  carbon  or  graphite  paint. 

Painting  Railroad  Bridges. — ^An  analysis  of  the  practice  of  painting  railway  bridges  (Proc. 
A.  R.  E.  A.,  1915)  shows: 

(i)  For  a  shop  coat,  29  out  of  50  used  red  lead ;  5  out  of  50  used  linseed  oil  alone;  6  out  of  50 
used  linseed  oil,  painting  parts  in  contact  with  paint;  8  out  of  50  used  graphite  and  carbon  pig- 
ments, including  lampblack;  2  out  of  50  used  miscellaneous  paints. 

(2)  For  field  coats  on  new  steel,  12  out  of  48  used  red  lead;  24  out  of  48  used  carbon  or 
graphite  or  both;   12  out  of  48  used  miscellaneous  paints. 

(3)  For  maintenance,  13  out  of  46  used  carbon;  7  out  of  46  used  graphite;  4  out  of  46  used 
both  carbon  and  graphite;    il  out  of  46  used  red  lead;    11  out  of  46  used  miscellaneous  paints. 

Painting  Timber  Structures. — Ohio  State  Highway  Department  specifies  three  coats  of 
white  paint  for  timber  structures.  The  white  paint  is  made  by  mixing  75  lb.  white  lead  in  oil, 
25  lb.  zinc  oxide  in  oil,  4  gallons  raw  linseed  oil,  and  i  quart  drier. 

For  specifications  for  painting  timber  structures,  see  §  49,  General  Specifications  for  Timber 
Bridges  and  Trestles  in  Chap.  XVL 
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CHAPTER  XVI. 
Design  of  Timber  Bridges  and  Trestles. 

iDtrodiiction. — Timber  highway  bridges  were  formerly  quite  generally  used,  and  are  still 
in  use  for  temporary  structures  and  in  localities  where  transportation  is  difficult  and  suitable 
timber  is  available.  Timber  truss  bridges  are  usually  made  with  the  Howe  type  of  truss  with 
timber  top  and  bottom  chords  and  diagonal  braces,  and  with  steel  rods  for  vertical  ties.  Timber 
floorbeams  and  joists,  and  a  timber  flooring  are  used.  Timber  Howe  through  truss  bridges  of 
more  thaji  about  70  ft.  span  are  commonly  housed  to  protect  the  bridge  timbers  from  decay. 
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or  Engine  as  per  diogram  above. 

Timber  Trestle  Bridoes 
Variable  Span    I6'0'Roadway 

hvfa  Highway  Commission 


Fig.  I.    Timber  Trestle  Bridge.    Iowa  Highway  Commission. 


Timber  Howe  through  truss  bridges  are  commonly  made  with  cast  iron  packing  blocks  to  increase 
the  resistance  to  crushing,  for  the  reason  that  the  bearing  on  inclined  surfaces  of  timber  is  much 
less  than  square  end  bearing.  Low  truss  timber  bridges  are  commonly  made  without  cast  iron 
detaib. 

In  the  west,  combination  timber  and  steel  highway  bridges  have  been  quite  generally  used, 
and  when  well  designed  and  constructed  give  excellent  service.  Combination  bridges  are  usually 
made  with  the  Pratt  type  of  truss,  with  timber  top  chords,  posts,  struts,  floorbeams,  joist,  and  floor, 
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and  with  steel  lower  chords,  diagonals  and  lateral  rods.  Howe  trusses  are  occasionally  made  with 
steel  angle  lower  chords;  or  with  steel  bars  fastened  to  the  timber  lower  chords  to  take  the  tension 
while  the  timber  gives  the  necessary  stiffness. 


■«Mffl 


TIMBER  TRESTLES.— Timber  trestles  may  be  made  by  using  pile  bents  or  by  using  framed 
bcnti.  The  framed  bents  have  the  lower  sills  resting  on  piles  or  on  concrete  or  stone  blocks. 
Timber  mudsills  may  be  used  in  temporary  structures,  but  should  never  be  used  in  permanent 
construction. 

I8 

Digitized  by  VjOOQ IC 


258 


DESIGN  OF  TIMBER  BRIDGES  AND  TRESTLES. 


Chap.  XVI. 


Details  of  a  timber  highway  trestle  bridge  as  designed  by  the  Iowa  Highway  CommisBion 
are  shown  in  Fig.  i.  The  allowable  stresses  were  the  same  as  for  timber  bridges.  The  specifica- 
tions of  the  Iowa  Highway  Commission  provide  for  creosoting  the  timbers  and  piles  in  permanent 
timber  pile  trestle  bridges. 
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Fig.  4.    Highway  Crossing.    Illinois  Central  Railroad. 

Details  of  a  pile  trestle  for  a  railroad  are  given  in  Fig.  2,  and  of  a  frame  trestle  for  a  railroad 
are  given  in  Fig.  3.  These  plans  represent  standard  practice  in  the  design  of  timber  trestle 
bridges  for  railroads,  and  furnish  excellent  details  for  the  engineer  who  is  designing  highway 
bridge  trestles. 
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TIMBER  TRUSS  BRIDGES.— A  timber  highway  bridge  designed  by  the  Illinois  Central 
R.  R.  for  an  overhead  crossing  is  shown  in  Fig.  4.     Details  of  the  joints  are  shown  in  Fig.  5. 

The  details  of  a  standard  timber  truss  bridge  as  designed  by  the  Iowa  Highway  Commission 
are  given  in  Fig.  6.  Standard  plans  have  been  prepared  for  two  and  three  panel  timber  bridges 
with  panel  lengths  of  15  ft.,  17  ft.  and  19  ft.    The  two  panel  bridge  with  30  ft.  span  has  the  same 
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Fig.  5.    Details  of  Highway  Crossing.    Illinois  Central  Railroad. 

sections  and  the  same  details  as  the  end  panels  of  the  45  ft.  span  shown  in  Fig.  6,  except  the  extra 
block  at  the  lower  end  of  the  end-post  is  omitted. 

The  Iowa  Highway  Commission  uses  the  following  allowable  stresses  in  the  design  of  timber 
structures  in  lb.  per  sq.  in.  Douglas  fir,  white  oak,  and  long  leaf  yellow  pine.  Bending  on  extreme 
fiber,  1,500;  tension  with  grain,  1,500;  compression  with  grain,  1,500;  shear  parallel  to  grain,  150; 
longitudinal  shear  in  beams,  no;  compression  perpendicular  to  grain,  300.     Stresses  in  columns. 
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i,500-25//(f  where  /  »  length,  and  d  «  least  side  or  diameter,  both  in  inches.    Axial  tension  on 
net  section  of  steel,  16,000.  ^ 

Details  of  a  combination  timber  bridge  with  a  span  of  40  ft.  are  given  in  Fig.  7.  A  hip  casting 
was  used  as  shown.  The  end  shoe  is  made  of  a  12"  X  12"  X  i"  plate  to  which  is  riveted  a 
3i"  X  5"  X  i"  angle  12  in.  long. 
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Fig.  7.    Details  of  a  Timber  Highway  Bridge. 


Details  of  a  loo-ft.  span  combination  bridge  are  shown  in  Fig.  8.  Castings  are  used  for  the 
shoe,  hip  and  upper  chord  joints,  while  steel  shoes  are  used  for  the  intermediate  posts.  This 
bridge  may  also  be  built  with  steel  floorbeams.  The  weight  of  the  metal  in  a  combination  bridge 
will  vary  with  the  details.  For  the  bridge  shown  in  Fig.  8,  the  total  weight  of  the  cast  iron  and 
steel  is  about  45  per  cent  of  the  weight  of  a  steel  bridge  having  the  same  capacity. 

The  details  of  a  60-ft.  span  Howe  truss  highway  bridge  built  in  1916  by  the  Utah  Highway 
Commission  are  shown  in  Fig.  9.  This  bridge  is  designed  for  a  dead  load  of  680  lb.  per  lineal  foot, 
and  a  live  load  of  100  lb.  per  sq.  ft.  and  an  18-ton  road  roller.  Impact  on  trusses  18  per  cent, 
on  floor  25  per  cent.  The  tension  in  the  lower  chord  is  carried  by  a  steel  plate  laid  on  top  of  two 
4  in.  X  4  in-  timbers.  The  trusses  are  braced  laterally  by  means  of  3  in.  X  3  in.  X  i  in.  angles. 
This  bridge  contains  14,407  board  feet  of  lumber,  4,247  lb.  of  steel  angles,  plates,  bolts  and  nails, 
1,856  lb.  of  castings,  and  729  lb.  of  hangers  and  nuts.  Bridges  of  this  type  are  built  with  spans 
from  20  ft.  to  80  ft. 

DETAILS  OP  DESIGN.— The  allowable  stresses  to  be  used  in  designing  timber  bridges 
and  trestles  are  given  in  the  General  Specifications  for  Timber  Bridges  and  Trestles  in  the  latter 
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264  DESIGN  OF  TIMBER  BRIDGES  AND  TRESTLES.  Chap.  XVI. 

part  of  this  chapter.  The  allowable  stresses  used  by  the  Iowa  Highway  Commission  in  the 
design  of  timber  bridges  and  trestles  are  given  in  the  description  of  the  standard  truss  bridges 
designed  by  the  Commission.    The  effect  of  impact  is  usually  omitted  in  designing  timber  bridges. 

Pressure  on  Inclined  Surfaces. — ^The  safe  unit  compressive  stress  on  timber  on  surfaces 
inclined  to  the  direction  of  the  fibers  may  be  calculated  by  the  formula  proposed  by  Professor 
H.  S.  Jacoby,  which  is  as  follows: 

where  p  —  allowable  unit  compression  in  lb.  per  sq.  in.  on  inclined  surface; 
e  =  allowable  bearing  in  lb.  per  sq.  in.  parallel  to  fibers; 
c  a  allowable  bearing  in  lb.  per  sq.  in.  perpendicular  to  fibers; 
$  —  angle  between  surface  and  fibers  of  timber. 

Lateral  Strength  of  Wire  Nails. — ^The  safe  lateral  resistance  of  wire  nails  may  be  taken  as 

p  -^Sd 

where  p  is  safe  working  resistance  of  one  nail  in  pounds,  and  d  is  the  penny  designation  of  the  nail. 

Lag  Screws. — ^The  safe  lateral  resistance  of  lag  screws  when  fastening  plates  i  to  }  in.  thick 
to  timbers  may  be  taken  as  follows: 

{in.  X  4    in.  lag  screws,  1,200  lb. 
i  in.  X  4i  in.  lag  screws,  1,500  lb. 

When  fastening  planldng  to  timbers  where  the  thickness  of  the  planking  is  not  greater  than 
I  the  length  of  lag  ^rew,  reduce  each  of  above  values  200  lb. 

Design  of  Bolts. — Bolts  when  used  in  making  timber  splices  should  have  full  size  washers 
and  should  be  well  drawn  up.  In  splicing  timber  the  splice  bolts  take  bending  stresses  as  well  as 
shearing  stresses.  For  timbers  not  more  than  two  inches  thick  the  bolts  may  be  designed  for 
shear  only.  Professor  H.  S.  Jacoby  in  "Structural  Details"  assumes  the  bearing  stress  on  the 
bolt  as  uniform  for  its  entire  length  and  shows  that  the  bending  moment  in  the  bolt  equals  the 
stress  in  the  splice  timber  multiplied  by  the  distance  from  the  center  of  the  splice  timber  to  the 
quarter  point  of  the  main  timber.  For  "a  main  timber  with  a  width  b  and  carrying  a  stress  ?, 
spliced  with  two  splice  timbers  with  a  width  6/2,  the  total  bending  moment  on  the  splice  bolts 
will  be 

b 


2       V4      4/         4 


The  resisting  moment  of  a  bolt  is  equal  to 

where  /  is  the  allowable  bending  stress  in  the  bolt  and  d  is  the  diameter  of  the  bolt  in  inches. 

Safe  Bearing  on  Bolts. — ^The  bearing  surface  is  partly  inclined  to  the  direction  of  the  stress 
and  the  safe  bearing  unit  stress  on  a  round  bolt  will  be  less  than  for  a  square  bolt.  Professor 
Jacoby  shows  that  if  the  ratio  of  safe  bearing  on  the  end  fibers  to  the  safe  bearing  on  the  sides  of 
the  fibers  is  0.25,  the  safe  bearing  stress  of  a  round  bolt  when  used  as  a  splice  bolt  will  be  0.62  or 
i  of  the  safe  bearing  on  a  square  bolt. 

Definitions  of  Timber  Bridges  and  Trestles. 

Definitions. — ^The  following  definitions  have  been  adopted  by  the  American  Railway  Engi- 
neering Association. 

Wooden  Trestle. — ^A  wooden  structure  composed  of  upright  members  supporting  simple 
horizontal  members  or  beams,  the  whole  forming  a  support  for  loads  applied  to  the  horizontal 
members. 

Frame  Trestle. — ^A  structure  in  which  the  upright  members  or  supports  are  framed  timbers. 
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P3e  Trestle. — ^A  structure  in  which  the  upright  members  or  supports  are  i^les. 

Bent. — ^The  group  of  members  forming  a  single  vertical  support  of  a  trestle,  designated  as 
pile  bent  where  the  principal  members  are  piles,  and  as  framed  oent  where  of  framed  timbers. 

Post— One  of  the  vertical  or  battered  members  of  the  bent  of  a  framed  trestle. 

Pile. — (See  definition  under  subject  of  Piles  and  Pile  Driving.) 

Batter. — A  deviation  from  the  vertical  in  upright  members  of  a  bent. 

Cap. — A  horizontal  member  upon  the  top  of  piles  or  posts,  connecting  them  in  the  form  of  a 
bent. 

SilL — ^A  lower  horizontal  member  of  a  framed  bent. 

Sub-Sill. — A  timber  bedded  in  the  ground  to  support  a  framed  bent. 

Litennediate  SilL — A  horizontal  member  in  the  plane  of  the  bent  between  the  cap  and  sill 
to  which  the  posts  are  framed. 

Sway  Brace. — A  member  bolted  or  spiked  to  the  bent  and  extending  diagonally  across  its 
face. 

Loogitadiiial  Strut  or  Girt — ^A  stiff  member  running  horizontally,  or  nearly  so,  from  bent  to 
bent. 

Longitodiiial  X-Brace. — ^A  member  extending  diagonally  from  bent  to  bent  in  a  vertical  or 
battered  plane. 

Sash  Brace. — ^A  horizontal  member  secured  to  the  posts  or  piles  of  a  bent. 

Stringer. — ^A  longitudinal  member  extending  from  bent  to  bent  and  supporting  the  ties. 

Jack  Stringer. — ^A  stringer  placed  outside  of  the  line  of  main  stringers. 

Tie. — ^A  transverse  timber  resting  on  the  stringers  and  supporting  the  rails. 

Guard  Rail. — ^A  longitudinal  member,  usually  a  metal  rail,  secured  on  top  of  the  ties  inside 
of  the  track  rail,  to  guide  derailed  car  wheels. 

Guard  Timber. — A  longitudinal  timber  framed  over  the  ties  outside  of  the  track  rail,  to 
maintain  the  spacing  of  the  ties. 

Packing  Block. — ^A  small  member,  usually  wood,  used  to  secure  the  parts  of  a  composite 
member  in  their  proper  relative  positions. 

Packing  Spool  or  Separator. — ^A  small  casting  used  in  connection  with  packing  bolts  to 
secure  the  several  parts  of  a  composite  member  in  their  proper  relative  positions. 

Drift  Bolt — ^A  piece  of  round  or  square  iron  of  specified  length,  with  or  without  head  or 
point,  driven  as  a  spike. 

DoweL — ^An  iron  or  wooden  pin,  extending  into,  but  not  through,  two  members  of  the  struc- 
ture to  connect  them. 

Shim. — ^A  small  piece  of  wood  or  metal  placed  between  two  members  of  a  structure  to  bring 
them  to  a  desired  relative  position. 

Fish-Plate. — ^A  short  piece  lapping  a  joint,  secured  to  the  side  of  two  members,  to  connect 
them  end  to  end. 

Bulkhead.— A  wall  of  timber  placed  against  the  side  of  an  end  bent  to  retain  the  embankment. 

Structural  Timber. 

Definitions.— The  following  definitions  have  been  adopted  by  the  American  Railway  Engi- 
neering Association. 

Timber. — ^A  single  stick  of  wood  of  regular  cross-section. 

Cross-Section. — ^A  section  of  a  stick  at  right  angles  to  the  axis. 

Tme.^— Of  uniform  cross-section.  Defects  are  caused  by  wavy  or  jagged  sawing  or  consist 
of  trapezoidal  instead  of  rectangular  cross-sections. 

Axis. — ^The  line  connecting  the  centers  of  successive  cross-sections  of  a  stick. 

Straight. — Having  a  straight  line  for  an  axis. 

Ont  of  Wind. — Having  the  longitudinal  surfaces  plane. 

Full  Length. — Long  enough  to  "square"  up  to  the  length  specified  in  the  order. 

Comer. — ^The  line  of  intersection  of  the  planes  of  two  adjacent  longitudinal  surfaces. 

Girth. — ^The  perimeter  of  a  cross-section. 

Side. — Either  of  the  two  wider  longitudinal  surfaces  of  a  stick. 

Edge. — ^Either  of  the  two  narrower  longitudinal  surfaces  of  a  stick. 

Face. — ^The  surface  of  a  stick  which  is  exposed  to  view  in  the  finished  structure. 

Sapwood. — ^A  cylinder  of  wood  next  to  the  bark  and  of  lighter  color  than  the  wood  within. 
It  may  be  of  uneven  thickness. 

Heartwood. — ^The  older  and  central  part  of  a  log,  usually  darker  in  color  than  sapwood. 
It  appears  in  strong  contrast  to  the  sapwood  in  some  species,  while  in  others  it  is  but  slightly 
different  in  color. 

Springwood. — ^The  inner  part  of  the  annual  ring  formed  in  the  earlier  part  of  the  season, 
not  necessarily  in  the  spring,  and  often  containing  vessels  or  pores. 

Sttmmerwood. — ^The  outer  part  of  the  annual  ring  formed  later  in  the  season,  not  necessarily 
in  the  summer,  being  usually  dense  in  structure  and  without  conspicuous  pores.    ooq|p 
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Decay.— Complete  or  partial  diaintegration  of  the  cell  walls,  due  to  the  growth  of  fungi. 

Sound. — ^Free  from  decay. 

Solids— Without  cavities;  free  from  loose  heart,  wind  shakes,  bad  checks,  splits  or  breaks, 
loose  slivers,  and  worm  or  insect  holes. 

Wane. — ^A  deficient  corner  due  to  curvature  or  to  taper  <rf  the  log. 

Square  Cornered. — ^Free  from  wane. 

SInot. — ^The  hard  mass  of  wood  formed  in  a  trunk  at  a  branch,  with  the  grain  distinct  and 
separate  from  the  grain  of  the  trunk. 

Cross-Grain. — The  gnarly  mass  of  wood  surrounding  a  knot,  or  grain  injuriously  out  of 
parallel  with  the  axis. 

Wind  Shake. — ^A  crack  or  fissure,  or  a  series  of  them,  caused  during  growth. 

Standasd  Defects  of  Structusal  Tucbbr.* 

The  standard  defects  included  in  the  following  list  are  mostly  such  as  may  be  termed  natural 
defects,  as  distinguished  from  defects  of  manufacture.  The  latter  have  usually  been  omitted, 
because  the  defects  of  manufacture  are  of  minor  significance  in  the  grading  of  structural  timber: 

Sound  Knot. — ^A  sound  knot  is  one  which  b  solid  across  its  face  and  is  as  hard  as  the  wood 
surrounding  it.  It  ma^  be  either  red  or  black,  and  is  so  fixed  by  growth  or  position  that  it  will 
retain  its  place  in  the  piece. 

Loose  Knot — ^A  loose  knot  is  one  not  firmly  held  in  place  by  growth  or  position. 

Pith  Knot. — ^A  pith  knot  is  a  sound  knot  with  a  pith  hole  not  more  than  i  in.  in  diameter  t 
In  the  center. 

Encased  Knot. — ^An  encased  knot  is  one  which  is  surrounded  wholly  or  in  part  by  bark  or 
pitch.  Where  the  encasement  is  less  than  i  in.  in  width  on  each  side,  nor  exceeding  one-half  the 
circumference  of  the  knot,  it  shall  be  considered  a  sound  knot. 

Rotten  Knot. — A  rotten  knot  is  one  not  as  hard  as  the  wood  surrounding  it. 

Pin  Knot. — ^A  pin  knot  is  a  sound  knot  not  over  }  in.  in  diameter. 

Standard  Knot — A  standard  knot  is  a  sound  knot  not  over  i)  in.  in  diameter. 

Large  Knot — A  large  knot  is  a  sound  knot,  more  than  i }  in.  in  diameter. 

Round  Knot — ^A  round  knot  is  one  which  is  oval  or  circular  in  form. 

Spike  Knot — ^A  spike  knot  is  one  sawn  in  a  lengthwise  direction.  The  mean  or  average 
diameter  shall  be  taken  as  the  size  of  these  knots. 

Pitch  Pockets. — Pitch  pockets  are  openings  between  the  grain  of  the  wood,  containing  more 
or  less  pitch  or  bark.     These  shall  be  classified  as  small,  standard  and  large  pitch  pockets. 

Small  Pitch  Pocket, — (a).^A  small  pitch  pocket  is  one  not  over  J  in.  wide. 

Standard  Pitch  Pocket. — (b).— A  standard  pitch  pocket  is  one  not  over  |  in.  wide  nor  over 
3  in.  in  length. 

Lam  Pitch  Pocket. — (c).— A  large  pitch  pocket  is  one  over  |  in.  wide,  or  over  3  in.  in  length. 

Pitd  Streak. — ^A  pitch  streak  is  a  well-defined  accumulation  of  pitch  at  one  point  in  the 
piece.  When  not  sufficient  to  develop  a  well-defined  streak,  or  where  the  fiber  between  grains, 
that  is,  the  coarse  grained  fiber,  usually  termed  "spring  wood,"  is  not  saturated  with  pitch,  it 
shall  not  be  considered  a  defect. 

Shakes. — ^Shakes  are  splits  or  checks  in  timber  which  usually  cause  a  separation  of  the 
wood  between  annual  rings. 

Ring  Shake. — ^An  opening  between  annual  rings. 

Throui^  Shakes. — ^A  shake  which  extends  between  two  faces  of  a  timber. 

Roty  Dote  and  Red  Heart — ^Any  form  of  decay  which  may  be  evident  either  as  a  dark  red 
discoloration  not  found  in  the  sound  wood,  or  by  the  presence  of  white  or  red  rotten  spots,  shall  be 
considered  as  a  defect. 

Wane. — (See  definition  under  the  subject  of  Structural  Timber.) 

Note, — ^See  additional  definitions  of  defects  under  Structural  Timber. 

Piles  and  Pile  Driving,  t 
The  following  definitions  and  the  principles  of  Pile  Driving  have  been  adopted  by  the  Ameri- 
can Railway  Engineering  Association. 

Pile. — ^A  member  usuallv  driven  or  jetted  into  the  ground  and  deriving  its  support  from  the 
underlying  strata,  and  by  the  friction  of  the  ground  on  its  surface.  The  usual  functions  of  a 
pile  are:  (a)  to  carry  a  superimposed  load;  (b)  to  compact  the  surrounding  ground;  (c)  to  form  a 
wall  to  exclude  water  and  soft  material,  or  to  resist  the  lateral  pressure  of  adjacent  ground. 

Head  of  Pile. — ^The  upper  end  of  a  pile. 

♦Adopted  by  Am.  Ry.  Eng.  Assoc.,  Vol.  8,  iQCjr. 

t  Measurements  which  refer  to  the  diameter  of  knots  or  holes  shall  be  conndered  as  the  mean 
or  average  diameter  in  all  cases. 

t  For  an  elaborate  bibliography  on  "  Piles  and  Pile  Driving"  see  Am.  Ryk  Eng.  Assoc.,  Vol.  10. 
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Head  off  Pile.— The  upper  end  of  a  pile. 

Foot  of  Pflo.— The  lower  end  of  a  pile. 

Tip  of  Pilo.— The  smaller  end  of  a  pile. 

Beaxing  Pilo. — One  used  to  carry  a  superimposed  load. 

Screw  Pile. — One  having  a  broad-bladed  screw  attached  to  its  foot  to  provide  a  larger  bearing 
area. 

I>i8C  Pile. — One  having  a  disc  attached  to  its  foot  to  provide  a  larger  bearing  area. 

Batter  Pile. — One  driven  at  an  inclination  to  resist  forces  which  are  not  vertical. 

Sheet  Pile. — Piles  driven  in  close  contact  in  order  to  provide  a  tight  wall,  to  prevent  leakage 
of  water  and  soft  materials,  or  driven  to  resist  the  lateral  pressure  of  adjacent  ground. 

Pile  Driver. — ^A  machine  for  driving  piles. 

Hammer. — ^A  weight  used  to  deliver  blows  to  a  pile  to  secure  its  penetration. 

Drop  Hammer. — One  which  is  raised  by  means  of  a  rope  and  then  allowed  to  drop. 

Steam  Hammer. — One  which  is  automatically  raised  and  dropped  a  comparatively  short 
distance  by  the  action  of  a  steam  cylinder  and  piston  supported  in  a  frame  which  follows  the  pile. 

Leads. — ^The  upright  parallel  members  of  a  pile  driver  which  support  the  sheaves  used  to 
hoist  the  hammer  and  piles,  and  which  guide  the  hammer  in  its  movement. 

Cap. — ^A  block  used  to  protect  the  head  of  a  pile  and  to  hold  it  in  the  leads  during  driving. 

Ring. — ^A  metal  hoop  used  to  bind  the  head  of  a  pile  during  driving. 

Shoe. — A  metal  protection  for  the  point  or  foot  of  a  pile. 

Follower. — ^A  member  interposed  between  the  hammer  and  a  pile  to  transmit  blows  to  the 
latter  when  below  the  foot  of  the  leads. 

PCLB-DRIVING^Principles  of  Practice. — (i)  A  thorough  exploration  of  the  soil  by  borings, 
or  preliminary  test  piles,  is  the  most  important  prerequisite  to  the  design  and  construction  of 
pile  foundations. 

(2)  The  cost  of  exploration  is  freq^uently  less  than  that  otherwise  required  merely  to  revise 
the  plans  of  the  structure  involved,  without  considering  the  unnecessary  cost  of  the  structures 
due  to  lack  of  informarion. 

(3)  Where  adequate  exploration  is  omitted,  it  may  result  in  the  entire  loss  of  the  structure, 
or  in  greatly  increased  cost. 

(4)  The  proper  diameter  and  length  of  pile,  and  the  method  of  driving  depend  upon  the  result 
of  the  previous  exploration  and  the  purpose  for  which  they  are  intended. 

(5)  Where  the  soil  consists  wholly  or  chiefly  of  sand,  the  conditions  are  most  favorable  to 
the  use  of  the  water  jet. 

(6)  In  harder  soils  containing  gravel  the  use  of  the  jet  may  be  advantageous,  provided 
sufficient  volume  and  pressure  be  provided. 

(7)  In  clay  it  may  be  economical  to  bore  several  holes  in  the  soil  with  the  aid  of  the  jet  before 
driving  the  pile,  thus  securing  the  accurate  location  of  the  pile,  and  its  lubrication  while  being 
driven. 

(8)  In  general,  the  water  jet  should  not  be  attached  to  the  pile,  but  handled  separately. 

(9)  Two  jets  will  often  succeed  where  one  fails;  in  special  cases  a  third  jet  extending  a  part 
of  the  depth  aids  materially  in  keeping  loose  the  material  around  the  pile. 

(10)  Where  the  material  is  of  such  a  porous  character  that  the  water  from  the  jets  may  be  • 
dissipated  and  fail  to  come  up  in  the  immediate  vicinity  of  the  pile,  the  urility  of  the  jet  is  uncer- 
tain, except  for  a  part  of  the  penetration. 

(11)  A  steam  or  drop  hammer  should  be  used  in  connecrion  with  the  water  jet,  and  used  to 
test  the  final  rate  of  penetration. 

(12)  The  use  of  the  water  jet  is  one  of  the  most  effecrive  means  of  avoiding  injury  to  piles 
by  overdriving. 

(13)  There  is  danger  from  overdriving  when  the  hammer  begins  to  bounce.  Overdriving  is 
also  indicated  by  the  bending,  kicking  or  staggering  of  the  pile. 

(14)  The  brooming  of  the  head  of  a  pile  dissipates  a  part,  and  in  some  cases  all,  of  the  energy 
due  to  the  fall  of  the  hammer. 

(15)  The  weight  or  the  drop  of  the  hammer  should  be  proportioned  to  the  weight  of  the 
pile,  as  well  as  to  the  character  of  the  soil  to  be  penetrated. 

(16)  The  steain  hammer  is  more  e£fective  than  the  drop  hammer  in  securing  the  penetradon 
of  a  pile  without  injury,  because  of  the  shorter  interval  between  blows. 

(17)  Where  shock  to  surrounding  material  is  apt  to  prove  detrimental  to  the  structure,  the 
steam  hammer  should  always  be  used  instead  of  the  drop  hammer.  This  is  especially  true  in  the 
case  of  sheet  piling  which  is  intended  to  prevent  the  passage  of  water.  In  some  cases  also  the 
jet  should  not  be  used. 

(18)  In  ^neral,  the  resistance  of  piles,  penetrating  soft  material,  which  depend  solely  upon 
skin  friction,  is  materially  increased  after  a  period  of  rest.  This  period  may  be  as  short  as  fifteen 
nunutes,  and  rarely  exceeds  twelve  hours. 
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(19)  In  tidal  waters  the  resistance  of  a  pile  driven  at  low  tide  is  increased  at  high  tide  on 
account  of  the  extra  compression  of  the  soil. 

(20)  Where  a  pile  penetrates  muck  or  a  soft  yielding  material  and  bears  upon  a  hard  stratum 
at  its  foot,  its  strength  should  be  determined  as  a  column  or  beam;  omitting  the  resistance,  if  any, 
due  to  skin  friction. 

(21)  Unless  the  record  of  previous  experience  at  the  same  site  is  available,  the  approximate 
bearing  power  may  be  obtained  by  loading  test  piles.  The  results  of  loading  test  piles  should 
be  used  with  caution,  unless  their  condition  is  fairly  comparable  with  that  of  the  piles  in  the 
proposed  foundation. 

(22)  In  case  the  piles  in  a  foundation  are  expected  to  act  as  columns  the^  results  of  loading 
test  piles  should  not  be  depended  upon  unless  they  are  sufficient  in  number  to  insure  their  action 
in  a  similar  manner,  and  they  are  stayed  against  lateral  motion. 

(23)  Before  testing  the  penetration  of  a  pile  in  soft  material  where  its  bearing  power  depends 
principally,  or  wholly,  upon  skin  friction,  the  pile  should  be  allowed  to  rest  for  24  hours  after 
driving. 

(24)  Where  the  resistance  of  piles  dependa  mainly  upon  skin  friction  it  is  possible  to  diminish 
the  combined  strength,  or  bearing  capacity,  of  a  group  of  piles  by  driving  additional  piles  within 
the  same  area. 

(25)  Where  there  is  a  hard  stratum  overlying  softer  material  through  which  the  piles  are  to 
pass  to  a  firm  bearing  below,  the  upper  stratum  should  be  removed  by  dredging  or  otherwise, 
provided  it  would  injure  the  piles  to  drive  through  the  stratum.  The  material  removed  may  be 
replaced  if  it  is  needed  to  provide  lateral  resistance. 

(26)  Timber  piles  may  be  advantageously  pointed,  in  some  cases,  to  a  4-in.  or  6-in.  square 
at  the  end. 

i27)  Piles  should  not  be  pointed  when  driven  into  soft  material. 
28)  Shoes  should  be  provided  for  piles  when  the  driving  is  very  hard,  especially  in  riprap  or 
shale,  and  should  be  so  constructed  as  to  form  an  integral  part  of  the  pile. 

(29)  The  use  of  a  dip  is  advantageous  in  distributing  thel  impact  of  the  hammer  more  uni- 
formly over  the  head  of  the  pile,  as  well  as  to  hold  it  in  position  during  driving. 

(^o)  The  specification  relating  to  the  penetration  of  a  pile  should  be  adapted  to  the  soil  which 
the  pile  is  to  penetrate. 

(31)  It  is  far  more  important  that  a*  proper  length  of  pile  should  be  put  in  place  without 
injury  than  that  its  penetration  should  be  a  specified  distance  under  a  given  blow,  or  series  of 
blows. 

GENERAL  SPECIFICATIONS  FOR  TIMBER  BRIDGES  AND  TRESTLES. 

BY 

MILO  S.  KETCHUM, 

M.  Am.  Soc.  C.  E. 

1920 

Part  L    Design. 

1.  Classes. — Bridges  under  these  specifications  are  divided  into  two  classes,  as  follows: 

Class  D%,    For  country  roads  with  medium  traffic. 
Class  Di.    For  country  roads  with  light  traffic. 

2.  Leng[th  of  Span. — Timber  trestle  bridges  may  be  used  with  spans  of  10  to  25  ft.;  timber 
low  truss  bridges  with  spans  of  30  ft.  to  60  ft. ;  and  timber  Howe  high  truss  bridges  above  60  ft. 

In  calculating  the  stresses  in  timber  beams  the  length  of  the  span  shall  be  taken  as  center 
to  center  of  end  bearings. 

3.  Widtb  of  Roadway. — ^Timber  bridges  shall  have  a  minimum  width  of  roadway  of  18  ft. 
on  Di  bridges,  and  of  16  ft.  on  Ds  bridges. 

4.  Low  Truss  Bridges. — Low  truss  bridges  shall  have  the  top  chords  braced  by  knee-braces 
or  inclined  posts  at  each  panel  point.  The  floorbeams  shall  be  extended  to  carry  the  brace  or 
inclined  post. 

5.  Wooden  Jdsts.— Wooden  floor  joists  shall  be  spaced  not  more  than  2  J  ft.  centers,  and 
shall  lap  by  each  other  so  as  to  have  a  full  bearing  on  the  floorbeams,  and  shall  be  separated  f  in. 
for  free  circulation  of  air.  Their  width  shall  not  be  less  than  3  in.,  or  one-fourth  the  depth  in 
width.  The  proportion  of  the  concentrated  live  load  carried  by  one  loist  shall  be  taken  equal  to 
the  spacing  of  the  joists  in  feet  divided  bv  four  feet.  No  imijact  shall  be  considered  in  the  design 
of  wooden  joists,  planks  or  ties.  Outside  joists  shall  be  designed  for  the  same  live  loads  as  the 
intermediate  joists.    Joists  shall  be  designed  for  the  allowable  stresses  given  in  Table  I. 
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6.  Floor  FLank. — ^For  single  thicknesses  the  roadway  planks  shall  not  be  less  than  3  in.  thick, 
nor  less  than  one-eighth  of  the  distance  between  centers  of  joists,  and  shall  be  laid  transversely 
with  i  in.  openings  and  securely  spiked  to  each  joist.  All  plank  shaU  be  laid  with  heart  side  down. 
When  an  additional  wearing  surface  is  reauired  it  shall  be  li  in.  thick,  and  the  lower  planks  of  a 
minimum  thiclmess  of  3  in.  shall  be  laid  diagonally  with  i  in.  openings.  All  floor  plank  shall  be 
spiked  with  three  $od  spikes  at  each  intersection. 

7.  Footwalk  plank  shall  be  not  less  than  2  in.  thick  nor  more  than  6  in.  wide,  spaced  with 
}  in.  openings. 

All  plank  shall  be  laid  with  heart  side  down,  shall  have  full  and  even  bearing  on  and  be 
firmly  attached  to  the  joists. 

8.  Wheel  Guards. — Wheel  guards  of  a  cross-section  of  not  less  than  6  in.  by  4  in.  shall  be 
provided  on  each  side  of  the  roadway.  The^  shall  bd[Bpliced  with  half-and-half  joints  with  6  in. 
lap,  and  shall  be  bolted  to  the  stringers  or  joist  with  f  in.  bolts,  spaced  not  to  exceed  5  ft.  apart. 

9.  Railing. — Unless  otherwise  provided  on  the  plans,  the  bridge  shall  have  a  timber  railing 
consisting  of  a  top  rail  made  of  two  pieces  2  in.  by  6  in.,  and  a  lower  piece  2  in.,  by  6  in.  with 
posts  4  in.  by  4  in.  spaced  not  to  exceed  8  ft.  centers. 

10.  Load  on  Piles. — ^The  maximum  load  on  a  pile  shall  not  exceed  the  load  given  by  the 
formula 

where  P  «  allowable  load  on  pile  in  pounds;  W  »  weight  of  drop  hammer  in  pounds;  h  —  height 
of  free  fall  of  hanmier  in  feet;  ^  «  avera^^e  penetration  of  the  pile  for  the  kist  six  blows  of  the 
hammer.    For  a  steam  hammer  replace  unity  in  the  denominator  by  o.i. 

Piles  shall  have  a  penetration  of  not  less  than  10  ft.  in  hard  ground,  and  not  less  than  15  ft. 
in  soft  ground. 

11.  Dead  Loads. — ^The  dead  load  shall  consist  of  the  weight  of  the  timber  and  metal  in 
the  bridge  and  the  weight  of  the  floor  and  all  other  material. 

12.  Live  Loads. — Bridges  shall  be  designed  to  carry  in  addition  to  the  dead  load  a  moving 
load,  either  uniform  or  concentrated,  or  both  as  specified  below,  placed  so  as  to  give  maximum 
stresses  in  each  member.    No  allowance  shall  be  made  for  impact  on  timber  trestles  or  bridges. 

Class  Df.  Ordinary  Country  Bridges. — For  the  floor  and  its  supports  a  load  of  100  lb.  per 
8q.  ft.  of  total  floor  surface  or  a  is-ton  motor  truck  with  axles  spaced  10  ft.  and  wheels  6-ft. 
centers,  and  occupying  a  space  10  ft.  wide  and  30  ft.  long,  with  10  tons  on  rear  axle  and  5  tons 
on  front  axle,  with  rear  wheels  15  in.  wide.  Trusses  are  to  be  desiraed  for  a  live  load  of  100  lb. 
per  sq.  ft.  for  spans  of  30  ft.  and  less,  75  lb.  per  sq.  ft.  for  spans  of  80  ft.  and  over,  and  proportional 
between  3a-ft.  and  8o-ft.  span. 

Class  Ds  Lig^t  Country  Highway  Bridges. — For  the  floor  and  its  supports  a  load  of  90  lb. 
per  sq.  ft.  of  total  floor  surface  or  a  lo-ton  motor  truck  with  axles  spaced  10  ft.  and  wheels  6  ft. 
centers,  and  occupying  a  space  8  ft.  wide  by  25  ft.  long,  with  two-thirds  of  total  load  on  rear 
axle,  with  rear  wheels  10  in.  wide.  Trusses  are  to  be  designed  for  a  load  of  90  lb.  per  sq.  ft.  for 
spans  of  30  ft.  and  less,  60  lb.  per  sq.  ft.  for  spans  of  80  ft.  and  proportional  between  30-ft.  and 
80-ft.  span. 

13.  Wind  Loads. — The  lateral  bracing  in  unloaded  chords  shall  be  designed  for  a  lateral 
wind  k)ad  of  150  lb.  per  lineal  foot,  the  lateral  bracing  in  loaded  chords  shall  be  designed  for  a 
lateral  wind  load  of  300  lb.  per  lineal  foot,  both  loads  considered  as  a  inoving  load.  In  low  trusses 
or  trestles  the  load  on  the  unloaded  chord  may  be  omitted. 

Trestles  in  addition  to  the  above  shall  be  designed  for  a  lateral  pressure  of  100  lb.  for  each 
vertical  lineal  foot  of  trestle  bent. 

Wind  loads  need  not  be  considered  unless  the  wind  load  unit  stresses  are  greater  than  25 
per  cent  of  the  unit  stresses  due  to  dead  and  live  load  loads;  in  which  case  the  unit  stresses  due 
to  dead  and  live  loads  may  be  increased  25  per  cent. 

Part  n.    Unit  Stresses. 

14.  Unit  Stresses. — ^All  parts  of  the  structure  shall  be  proportioned  so  that  the  sum  of  the 
maximum  stresses  shall  not  exceed  the  following  in  lb.  per  sq.  in. 

15.  Impact. — No  allowance  shall  be  made  for  impact  in  the  design  of  timber  bridges  and 
trestles. 

16.  Timber. — ^The  stresses  on  timber  shall  not  exceed  the  values  given  in  Table  I. 

17.  Pressure  on  Inclined  Surfaces. — ^The  safe  unit  compressive  stress  of  timber  on  timber 
surfaces  inclined  to  the  direction  of  the  fibers  shall  not  exceed  the  following  in  lb.  per  sq.  in. 

p  ■=  e«sin*  d  +  C'cos'  B 
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where  p  »  allowable  unit  oompresBion  on  inclined  surface; 
e  =s  allowable  bearing  parallel  to  fibers; 
c  «  allowable  bearing  perpendicular  to  fibers; 
6  B  angle  between  surface  and  fibers  of  timber. 

TABLE  I. 

Allowable  Stresses  in  Timber  Highway  Bridges  and  TKestlbs. 
Pounds  per  Square  Inch. 


Kind  of  Timber. 

Beadiivon 

Extreme 

Fiber. 

Sheu- 

Parmllel  to 

Grain. 

Shet^^n 
Beami. 

Compression. 

Colunns. 

Perpendic- 
ular to 
Grain. 

Parallel  to 

Grain. 
Bearing. 

Length 

Less  than 

iSX*/. 

Length  Over 

Douglas  Fir 

Longleaf  Pine 

Shortleaf  Pine 

White  Pine 

Spruce 

1,500 
1,500 
1,400 
1,100 
1,200 
1,000 
1,400 
1,100 

1,500 

210 
220 
210 
125 
190 
160 
200 
150 
260 

140 
150 
160 
90 
90 
125 
125 
90 
140 

400 
350 
225 
200 
225 
200 
300 
225 
600 

1,500 
1,500 
1,400 
1,200 
1,400 
1,000 
1,500 
1,400 
1,500 

1,200 
1,200 
1,100 
900 
1,100 
750 
1,200 
1,100 
1,200 

''M'-id) 
''M'-id) 

Norway  Pine 

Western  Hemlock . 
Cvuress 

White  Oak 

L  —  length  of  column  in  inches. 
d  "  diam.  or  least  side  of  column  in  inches. 

Stresses  are  for  ^en  timber  and  are  to  be  used  without  increase  for  impact. 
Modulus  of  elasticity,  i,  joo,ooo  for  Douglas  Fir,  Longleaf  Pine,  Shortleaf  Pine  and  Western  Hemlock; 
and  1,200,000  for  other  timbers  given  in  Table  1. 

18.  Stresses  in  Steel. — ^Axial  tension  on  net  section,  16,000  lb.  per  sq.  in.  Axial  compres- 
sion on  gross  section,  16,000  —  7o(//r),  lb.  per  sq.  in.  with  a  maximum  of  14,000  lb.  per  sq.  in., 
where  /  «  length  and  r  =  radius  of  gyration  of  the  member,  both  in  inches. 

Bending  on  extreme  fiber  of  rolled  or  built  shapes,  16,000  lb.  per  sq.  in.;  on  pins  24,000  lb. 
per  sq.  in. 

Shearing  on  shop  rivets  and  pins,  12,000  lb.  per  sq.  in.  Shearing  on  field  rivets  and  turned 
bolts,  and  on  gross  section  of  web  of  plate  girders,  10,000  lb.  per  sq.  in.  Bluing  on  shop  rivets 
and  pins,  24,000  lb.  per  sq.  in.  Bearing  on  field  rivets  and  turned  bolts,  20,000  lb.  per  sq.  in. 
Beanng  on  expansion  steel  rollers,  6ood  lb.  per  lineal  inch,  where  d  »  diameter  of  roller  in  inches. 
Bearing  on  granite  and  Portland  cement  concrete,  600  lb.  per  sq.  in. 

19.  Stresses  in  Cast  Iron. — ^Axial  tension,  3,000  lb.  per  sq.  in.  Bearing,  12,000  lb.  per  so.  in. 
Shear,  1,500  lb.  per  sq.  in.  Bearing  on  cast  iron  rockers  or  rollers,  300ti  lb.  per  lineal  inch,  wnere 
d  *  diameter  of  rocker  or  roller  in  inches. 

Part  m.    Materials. 

20.  Timber. — ^All  timber  shall  preferably  be  Douglas  fir,  long-leaf  yellow  pine,  white  oak  or 
western  hemlock.  Timber  piles  shall  preferably  be  white,  post  or  burr  oak,  Douglas  fir,  longleaf 
pine,  tamarack,  white  or  red  cedar,  chestnut,  redwood  or  cypress. 

21.  General  Requirements. — ^All  timber  shall  be  cut  from  sound  live  trees,  and  shall  be 
sawed  to  standard  size.     It  must  be  close  grained  and  solid,  free  from  defects  such  as  injurious 


Digitized  by 


Google 


SPECIFICATIONS.  271 

ring  shakes  and  cross  |piun,  unsound  or  loose  knots,  knots  in  groups,  large  pitch  pockets,  decay 
or  other  defects  that  will  impair  its  strength  or  fitness  for  the  purpose  intended. 

22.  Size  of  Sawed  Timber. — ^All  timber  shall  be  sawed  true  and  out  of  wind  and  shall,  when 
dry,  not  measure  scant  in  thickness  more  than  the  following.  ^ 

Fkwring  and  boards  up  to  li  in.  thick,  may  be  scant  j^  in. 
Planks  and  timbers,  rou^h  size,  from  if  to  5!  in.  thick,  may  be  scant  |  in. 
Dimension  timber,  rough  size,  6  in.  thick  and  up,  may  be  scant  i  in.    For  example,  a  12 
in.  X  12  in.  timber  may  be  iif  in.  X  ii}  in. 

23.  Size  of  Dressed  Timber. — ^When  dressed  timber  more  than  i }  in.  in  thickness  is  required, 
a  reduction  of  |  in.  in  thickness  for  each  surface  planed  will  be  permitted  in  addition  to  the 
allowance  in  rou^h  timber  in  §  21  and  §  22.  For  example  a  12  in.  X  12  in.  timber  S.4S.  may 
be  iii  in.  X  iii  in. 

24.  Dimension  Timber. — Dimension  timber  when  used  for  chords,  beams,  stringers,  caps» 
posts  and  sills  shall  show  not  less  than  ^5  per  cent  heart  on  each  of  four  faces,  measured  across 
the  sides  any  where  in  the  length  of  the  piece.  There  shall  be  no  loose  knots,  or  knots  greater  than 
2  in.  in  diameter,  or  one-quarter  (})  the  width  of  the  face  of  the  stick  in  which  they  occur.  Knots 
shall  not  be  located  in  groups  and  no  knot  shall  be  nearer  the  edge  of  the  stick  tnan  one-quarter 
(})  the  width  of  the  face.  When  used  for  other  purposes  dimension  timber  shall  be  square  edged 
with  exception  of  i  in.  wane  on  one  edge  or  i  in.  wane  on  two  edges,  and  ring  shakes  shall  not 
extend  over  one-eighth  (J)  the  length  ofthe  piece. 

2K,  Floor  Flank. — ^Flpor  plank  shall  be  square  edged,  shall  show  one  face  all  heart  and  the 
other  face  and  two  edges  shall  show  not  less  than  seventy-five  (75)  per  cent  heart,  measured  across 
the  face  or  sides  measured  an>rwhere  in  the  length  of  the  piece;  ana  shall  be  free  from  loose  knots, 
or  sound  knots  more  than  li  in.  in  diameter. 

26.  Piles. — ^Timber  piles  shall  preferably  be  of  longleaf  pine,  white,  burr  or  post  oak,  Douglas 
fir,  cedar  or  cypress. 

Piles  shall  be  cut  from  sound,  live  trees,  shall  be  straight,  close  grained  and  solid,  free  from 
defects  such  as  injurious  ring  shakes,  large  and  unsound  or  loose  knots,  decay  or  other  defects 
that  will  materially  impair  the  strength  or  durability.  The  diameter  of  round  piles  near  the 
butt  shall  not  be  less  than  12  in.  nor  more  than  18  in.,  and  at  the  tip  of  piles  under  30  ft.  not  less 
than  8  in.,  nor  less  than  6  in.  for  piles  more  than  30  ft.  long.  Piles  must  be  cut  above  the  ground 
swell  and  must  taper  evenly  from  butt  to  tip.  Short  bends  will  not  be  allowed.  A  line  drawn 
from  the  butt  to  the  tip  shall  lie  entirel]^  within  the  body  of  the  pile.  All  piles  shall  be  cut  square  at 
their  ends  and  shall  be  stripped  of  their  bark. 

27.  Steel. — ^AU  structural  steel  shall  comply  with  the  requirements  for  structural  steel  as 
given  in  General  Specifications  for  Steel  Highway  Bridges,  Appendix  I. 

28.  Cast  Iron. — Cast  iron  shall  comply  with  the  requirements  of  the  specifications  of  the 
American  Society  for  Testing  Materials  for  gray  iron  castings. 

Details  of  Construction. 

29.  Workmanship. — ^Workmanship  shall  be  of  the  best  quality  in  each  class  of  work.  Details, 
fastenings,  and  connections  shall  be  of  the  best  method  ot  construction  in  general  use  on  first 
class  work. 

30.  Holes  shall  be  bored  for  all  bolts.  The  depth  of  the  hole  and  the  diameter  of  the  auger 
are  to  be  specified  by  the  engineer. 

31.  Framing  shall  be  accurately  fitted;  no  blocking  or  shimming  will  be  allowed  in  making 
jomts.  Timbers  shall  be  cut  off  with  the  saw;  no  axe  to  be  used.  Joints  and  points  of  bearing, 
for  which  no  fastening  is  ^own  on  the  plans,  shall  be  fastened  as  specified  by  the  engineer. 

32.  Driving  Piles. — Piles  shall  be  carefully  selected  to  suit  the  place  and  ^ound  where  they 
are  to  be  driven.  When  required  b^r  the  eingneer,  pile  butts  shall  be  banded  with  iron  or  steel  for 
driving,  and  the  tips  with  suitable  iron  or  steel  shoes,  such^  shoes  will  be  furnished  by  the  con- 
tractor at  actual  cost.  Batter  piles  shall  be  driven  to  the  inclkiation  shown  by  the  plans,  and 
shall  require  but  slight  bending  before  framing.  Butts  of  all  F)iles  in  a  bent  shall  be  sawed  off 
to  one  plane  and  trimmed  so  as  not  to  leave  any  horizontal  projection  outside  of  the  cap.  Piles 
injured  in  driving,  or  driven  out  of  place,  shall  either  be  pulled  out  or  cut  off,  and  replaced  by 
new  piles. 

^3.  Caps. — Caps  shall  be  sized  over  the  piles  or  posts  to  a  uniform  thickness  and  even  bearing 
on  pdes  or  posts.    The  side  with  most  sap  shall  be  placed  downward. 

^.  Chords  and  Posts. — Chords  and  posts  shall  be  sawed  to  proper  length  for  their  position 
(vertical  or  inclined),  and  to  an  even  bearing. 

35.  Sins. — ^Sills  shall  be  sized  at  the  bearing  of  posts  to  one  plane. 
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36.  Sway  Braces. — Sway  bracing  shall  be  properly  framed  and  securely  fastened  to  piles  or 
posts.  When  necessary  for  pile  beats,  filling  pieces  shall  be  used  between  the  'bracea  and  the 
piles  on  account  of  the  variation  in  size  of  piles,  and  securely  fastened  and  faced  to  obtain  a 
bearing  against  all  piles. 

37.  Longitudinal  Braces. — Longitudinal  X-braces  shall  be  properly  framed  and  securely 
fastened  to  piles  or  posts. 

38.  Girts. — Girts  shall  be  properly  framed  and  securely  fastened  to  caps,  suD-sills,  posts  or 
piles,  as  the  plans  may  require. 

39.  Stringers. — Strineers  shall  be  sized  to  a  uniform  height  at  supports.  The  sedges  with 
most  sap  shall  be  placed  downward. 

40.  Guard  Rails. — ^Timber  guard  rails  shall  be  framed  as  called  for  on  the  plans,  laid  to 
line  and  to  a  uniform  top  surface. 

41.  Bulkheads. — Bulkheads  shall  be  of  sufficient  dimensions  to  keep  the  embankment  clear 
of  the  caps  and  stringers  at  the  end  bents  of  the  trestle.  There  shall  be  a  space  not  less  than 
two  (2)  in.  between  the  back  of  end  bent  and  the  face  of  the  bulkhead.  The  projecting  ends 
of  the  bulkhead  shall  be  sawed  off  to  conform  to  the  slope  of  the  embankment,  unless  otherwise 
specified. 

A2.  Bolts  and  Rods. — Bolts  shall  be  of  wrought-iron  or  steel,  made  with  square  heads, 
stanoard  size,  the  length  of  thread  to  be  2^  times  the  diameter  of  bolt.  The  nuts  uiall  be  made 
square,  standard  size,  with  thread  fitting  closely  the  thread  of  bolt.  Threads  shall  be  cut  according 
to  U.  S.  standards.  The  screw  ends  of  all  rods  and  bars  shall  be  upset  so  that  the  area  of  the 
section  at  the  root  of  the  thread  shall  exceed  the  area  of  the  bar  by  15  per  cent. 

43.  Drift  Bolts. — Drift  bolts  shall  be  of  wrought-iron  or  steel,  round  or  square,  with  or 
without  head,  pointed  or  without  point,  as  may  be  called  for  on  the  plans. 

44.  Spikes. — Spikes  shall  be  of  wrought-iron  or  steel,  square  or  round,  as  called  for  on  the 
plans;  steel  wire  spikes,  when  used  for  spiking  planking,  shall  not  be  used  in  lengths  more  t^ 
6  in. ;  if  greater  lengths  are  required,  wrought  or  steel  spikes  shall  be  used. 

45.  Packing  Spools  or  Separators. — Packing  spools  or  separators  shall  be  of  cast-iron,  made 
to  size  and  shape  called  for  on  plans;  the  diameter  of  the  hole  shall  be  i  in.  larger  than  diameter 
of  packing  bolts. 

46.  Cast  Washers. — Cast  washers  shall  be  of  cast-iron.  The  diameter  shall  be  not  less  than 
3§  times  the  diameter  of  bolt  for  which  the  washer  is  used,  and  its  thickness  equal  to  the  diameter 
of  bolt.     The  hole  shall  be  (  in.  larger  in  diameter  than  the  diameter  of  the  bolt. 

47.  Wrought  Washers. — ^Wrought  washers  shall  be  of  wrought-iron  or  steel.  The  diameter 
shall  be  not  less  than  ^1  times  the  diameter  of  bolt  for  which  the  washer  is  used,  and  not  less 
than  }  in;  thick.     The  hole  shall  be  i  in.  larger  than  the  diameter  of  the  bolt. 

aB,  Cast  Iron  Bearing  Blocks. — Special  castings  shall  be  made  true  to  pattern,  without  wind, 
free  from  flaws  and  excessive  shrinkage.    The  size  and  shape  are  to  be  as  called  for  on  the  plans. 

^g.  Painting. — ^AU  wood  railing  and  posts  shall  be  given  two  coats  of  white  lead  paint.  The 
paintmg  shall  be  done  when  wood  is  dry,  and  as  soon  as  possible  after  erection.  The  first  coat 
shall  be  dry  before  the  second  coat  is  applied. 

All  truss  members,  and  exposed  enas  of  caps  and  stringers  shall  be  given  two  coats  of  creosote 
oil  immediately  after  erection.  The  ends  of  all  truss  members  shall  be  given  two  coats  of  creosote 
oil  before  erection. 

50.  Cleaning  Up. — On  the  completion  of  the  work,  all  refuse  material  and  rubbish  that  may 
have  accumulated  on  top  or  under  and  near  the  trestle,  by  reason  of  its  construction,  shall  be 
removed  by  the  contractor. 

REFERENCE  BOOKS.— For  additional  details  and  data  on  timber  bridges  and  tresdes, 
the  following  books  may  be  consulted. 

Jacoby's  "Structural  Details,  Framing  in  Heavy  Timber." 

Foster's  "A  Treatise  on  Wooden  Trestle  Bridges." 

Dewell's  "Timber  Framing." 

Ketchum's  "  Structural  Engineers'  Handbook." 

"Highway  Trestles,  Bridges  and  Culverts,"  published  by  Southern  Pine  Association,  New 
Orleans,  La.    This  book  covers  timber  bridges  and  is  furnished  gratis  by  the  Association. 

"Southern  Pine  Manual — Standard  Wood  Construction,  published  by  Southern  Pine 
Association,  New  Orleans,  La. 

"Structural  Timber  Handbook,"  published  by  West  Coast  Lumberman's  Association, 
Seattle,  Washington. 
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PART   III. 

DESIGN  OF  REINFORCED   CONCRETE  BRIDGES  AND 

CULVERTS. 


CHAPTER  XVIL 
Types  of  Reinforced  Concrete  Bridges. 

Introdoctioii. — Reinforced  concrete  highway  bridges  may  be  classed  in  several  distinct 
groups  as  follows:  (i)  Slab  bridges;  '(2)  T-beam  girder  bridges;  (3)  through  girder  bridges; 
(4)  deck  girder  bridges;  (5)  arch  bridges;  (6)  pile  trestles;  (7)  box  culverts;  (8)  bridge  culverts; 
and  (9)  circular  culverts. 


Fig.  I.    Reinforced  Concrete  Slab  Bridge  with  Tied  Back  Wings. 
WAY  16  FT.    Illinois  Highway  Commission. 


Span  20  ft;  Road- 


i.  Slab  Bridges. — ^Slab  bridges  are  well  adapted  for  spans  of  from  10  ft.  to  about  25  ft.  They 
are  simple  in  design  and  give  a  maximum  head  room,  and  are  well  adapted  for  use  in  multiple 
span  construction  and  for  use  in  pile  trestles.  A  reinforced  concrete  slab  girder  bridge  with  a 
span  of  20  ft.  is  shown  in  Fig.  i.  Details  of  the  tied  back  wing  abutments  are  shown  in  Fig.  9, 
Chapter  XX. 

2.  T-beam  Bridges. — ^The  T-beam  deck  bridge  is  adapted  to  spans  of  from  15  ft.  to  30  ft., 
where  there  is  more  headroom  than  is  necessary  for  a  slab  bridge.  The  T-beam  bridge  requires 
leas  materials  than  is  required  for  a  slab  bridge. 
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Fig.  2.    Through  Girder  Bridgb.    Span  6o  ft.    Illinois  Highway  Commission. 


Fig.  3.    Through  Girdbr  Bridge.    Three  50-FT.  Spans.    Illinois  Highway  Commission. 


Fig.  4.    Big  Vermillion  Bridge  near  La  Salle,  Illinois.    Four  45-FT.  Spans  of  Through 

Reinforced  Concrete  Girders,  one  224-FT.  Steel  Span;  Roadway,  18  Ft. 

Illinois  Highway  Commission. 
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3.  I>eck  Girder  Bridge. — ^The  deck  girder  bridge  is  adapted  to  spans  of  from  25  ft.  to  about 
60  ft.  where  headroom  is  not  limited  and  to  a  wide  roadway.  It  is  especially  adapted  to  viaduct 
construction.     It  may  be  given  architectural  treatment. 


Fig.  5.    Deck  Girder  Bridge.    Illinois  Highway  Commission. 

For  wide  bridges  where  headroom  is  adequate  a  combination  of  side  through  girders  and 
interior  deck  girders  make  a  very  economical  and  satisfactory  bridge.  A  reinforced  concrete 
deck  girder  highway  bridge  is  shown  in  Fig.  5. 

4.  Through  Girder  Bridges. — ^The  through  girder  bridge  is  well  adapted  for  spans  of  25  ft. 
and  up  to  65  ft.  where  headroom  is  limited  and  the  roadway  is  not  more  than  20  ft.  The  through 
girder  is  susceptible  of  architectural  treatment.  Through  girder  bridges  are  shown  in  Fig.  2, 
and  Fig.  3. 

The  60  ft.  span  reinforced  co%rete  through  girder  bridge  shown  in  Fig.  2,  was  built  in  Illinois 
in  1910  at  a  cost  of  $1,900.  The  reinforced  concrete  through  girder  bridge  shown  in  Fig.  3,  has 
three  50-ft.  spans  carried  on  reinforced  concrete  piers  and  reinforced  concrete  abutments.    The 


Fig.  6.    Reinforced  Concrete  Arch  Bridge. 
Roadway,  20  ft. 


Two  70-FT.  Spans. 


cost  of  this  bridge  built  in  Illinois  in  191 1  was  $9,850.  The  Big  Vermillion  Bridge  shown  in  Fig.  4, 
consists  of  a  steel  bridge  of  224-ft.  span,  and  four  45-ft.  span  reinforced  concrete  girder  spans, 
carried  on  concrete  piers  and  abutments. 
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5.  Arches. — Reinforced  concrete  arches  are  adapted  to  dear  spans  more  than  50  ft.  to  60  ft., 
where  solid  foundations  are  available,  the  openings  are  high,  and  for  structures  carrying:  very 
heavy  traffic  loadings.  Arch  bridges  are  particularly  adapted  to  architectural  treatment.  Arch« 
are  not  to  be  recommended  except  where  the  very  best  foundations  are  available.  A  reinforced 
concrete  arch  bridge  with  two  70-ft.  spans  and  20-ft.  roadway  is  shown  in  Fig.  6.  The  cost  in 
Wisconsin  in  1916  was  $11,135.00. 

6.  Pile  Ttesdes. — Reinforced  concrete  pile  trestles  are  adapted  to  locations  where  a  long 
bridge  is  to  be  carried  over  a  low  crossing,  where  foundation  conditions  are  adapted  to  piles,  and 
where  spans  of  15  ft.  to  20  ft.  may  be  used. 

7.  Box  Culverts. — Reinforced  concrete  box  culverts  are  well  adapted  to  spans  of  from  2  ft. 
to  12  ft.  where  it  Is  desirable  to  pave  the  channel  to  prevent  scour. 

8.  Bridge  Culverts. — Reinforced  concrete  bridge  culverts  are  adapted  to  spans  of  from  6  ft. 
to  15  ft.  where  it  is  not  desirable  to  pave  the  channel. 

9.  Circular  Culverts. — Reinforced  concrete  circular  culverts  are  especially  adapted  to  open- 
ings of  from  2  ft.  to  4  ft.  under  heavy  fills.  The  pipe  may  be  manufactured  away  from  the  site, 
and  in  this  form  is  adapted  to  a  large  range  of  conditions. 

For  types  of  reinforced  concrete  bridges  and  widths  of  roadway  reconunended  by  various 
highway  commissions  and  other  authorities,  see  Chapter  IX. 
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CHAPTER  XVIII. 
Stresses  in  Reinforced  Concrete. 

Ihtrodtictioii. — The  proportions,  allowable  stresses,  materials  and  workmanship  for  reinforced 
concrete  are  given  in  "General  Specifications  for  Reinforced  Concrete  Highway  Bridges  and 
Foundations,"  in  Appendix  II. 

The  stresses  in  reinforced  concrete  structures  are  to  be  calculated  upon  the  basis  of  the 
following  assumptions: 

1.  Calculations  are  to  be  made  with  reference  to  working  stresses  and  safe  loads. 

2.  A  plane  section  before  bending  remains  plane  after  bending. 

3.  The  modulus  of  elasticity  of  concrete  in  compression  is  constant  and  the  distribution  of 
stresses  in  beams  is  rectilinear. 

4.  In  calculating  the  moment  of  resistance  in  beams  the  tensile  stresses  in  the  concrete  are 
neglected. 

5.  Adhesion  between  concrete  and  reinforcing  steel  is  assumed  as  perfect,  and  concrete  and 
steel  are  therefore  stressed  in  proportion  to  their  moduli  of  elasticity. 

6.  The  ratio  of  the  modulus  of  elasticity  of  steel  to  the  modulus  of  elasticity  of  concrete  is 
taken  as  n  »  15. 

7.  Initial  stresses  in  reinforcement  due  to  the  contraction  of  the  concrete  is  neglected. 

For  the  length  of  span  to  be  used  in  calculating  the  stresses  in  reinforced  concrete  structures, 
»ee  §  20,  *'  General  Specifications  for  Reinforced  Concrete  Highway  Bridges  and  Foundations," 
Appendix  II. 

STANDARD  NOTATION,    z.  Rectangular  Beams. 

ft  »  tensile  unit  stress  in  steel. 

fe  =  compressive  unit  stress  in  concrete. 

et  «  elongation  of  steel  due  to  /«. 

69  ■■  shortening  of  concrete  due  to/a. 
E9  »  modulus  of  elasticity  of  steel. 
Ee  B  modulus  of  elasticity  of  concrete. 

Mb  »  moment  of  resistance  relative  to  the  steel. 

Me  «  moment  of  resistance  relative  to  the  concrete. 

M  »  moment  of  resistance,  or  bending  moment  in  general. 

A  a  steel  area. 

T  =  total  tension. 

C  =■  total  compression. 

b  B  breadth  of  beam. 

d  =■  depth  of  beam  to  center  of  steel. 

k  »  ratio  of  depth  of  neutral  axis  to  depth  d, 

z  »  depth  of  resultant  compression  below  top  of  beam. 

j  «  ratio  of  lever  arm  to  .resisting  couple  to  depth  d, 
j'd  ^  d  —  z  =^  arm  of  resisting  couple. 

p  »  jrri  =  steel  ratio  (not  percentage). 

R»  ^  Jb'P'J  —  coefficient  of  strength  relative  to  steel. 
i2e  =  \fc*k'j  -=  coefficient  of  strength  relative  to  concrete. 
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278  STRESSES  IN  REINFORCED  CONCRETE.  Chap.  XVIII. 

2.  T-Beams. 

b  »  width  of  flange. 
b'  =  width  of  stem  or  web. 
/  —  thickness  of  flange. 
s  ^  t/d  ^  thickness  of  slab  -^  depth  of  beam. 

3.  Beams  Reinforced  for  Compression. 

i4'  =  area  of  compressive  steel. 
P'  =  steel  ratio  for  compressive  steel. 
/,'  =  compressive  unit  stress  in  steel. 
C  =  total  compressive  stress  in  steel. 
d'  a  depth  to  center  of  compressive  steel. 
z  —  depth  to  resultant  of  C  and  C\ 

4.  Shear  and  Bond. 

V  "  total  shear. 

/,  =  maximum  shearing  unit  stress  =■  V/b'j'd. 
fu  »  bond  stress  per  unit  area  of  bar. 
o  =  circumference  or  perimeter  of  bar. 
Xo  a  sum  of  perimeters  of  bars. 
s'  «  spacing  of  stirr^ips. 

5.  Columns. 

A  =  total  net  area  of  column. 
At  »  area  of  longitudinal  steel. 
Ae  »  area  of  concrete. 

P  ^  "T  ~  ^^^  ^^^^^  ^^^  longitudinal  steel. 
p*  «  steel  ratio  of  the  hoops  of  hooped  columns. , 
P  —  strength  of  plain  concrete  column. 
P*  =»  strength  of  reinforced  column. 
/  =  average  unit  stress  for  entire  cross-section. 

STRESSES  IN  RECTANGULAR  BEAMS.— In  (c),  Fig.  i,  &  is  the  breadth,  d  is  the  depth 
of  the  beam  above  the  center  of  the  reinforcing  steel,  k-dvA  the  distance  of  the  neutral  axis  below 
the  top  of  the  beam,  and  yd\%  the  arm  of  the  resisting  couple,  )t  and  j  being  ratios. 

In  (a)  the  deformations  are  shown  to  be  proportional  to  the  distances  from  the  neutral  axis, 
and  in  (&)  the  stress  in  the  steel  is  n  times  the  stress  in  the  concrete  at  the  same  distance  from  the 
neutral  axis. 

Neutral  Axis  and  Arm  of  Resisting  Couple. — Now  the  sum  of  the  horizontal  compressive 
stresses  is  equal  to  the  horizontal  tensile  stress,  and 

ifc'b'k'd^f.'A  (I) 

Substituting  the  value  of  i4  ^  p'b'd,  and  reducing 

i/c* -/../>  (2) 

fc:f.ln::k'd:d{i  -  *),      . 


From  (b)  Fig,  i,  we  have 
and 


f.'k'd^f.-n'dii-k) 

f.'k  ^  fc'n(i  -  k)  (3) 
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Substituting  the  value  of /« in  (2)  in  (3) 

and 

k  =  V2/>-ji  -h  p»-n*  -  p-n  (4) 

This  formula  shows  that  ifc  is  a  constant  for  all  beams  having  a  given  percentage  of  reinforce- 
ment and  the  same  grade  of  concrete.  The  values  of  A;  for  n  »  15  and  for  different  values  of  p 
are  given  in  the  upper  part  of  Fig.  2. 


Orformotion  of  Conorata 


•  ! 


Comprmivs  Stross 
..,  f^  .... 


5—  b — >| 


Orformotlon  of  Steel 

(a) 


Tensile  5Jre55'' 

(b) 


Section  of  Beam 

(c) 


Fig.  I. 


The  centroid  of  the  compressive  stresses  is  s  «  ik'd  below  the  top  of  the  beam,  and  the  arm 
of  the  resisting  couple  is 

j'd  ^d-  ik'd,  or  j  -  I  -  i*  (5) 

Values  ofj(orn  »  15  and  for  different  values  of  p  are  given  in  Fig.  2.     It  will  be  seen  that  for 
/•  B  15,000  to  16,000  lb.  per  sq.  in.  and/«  »  600  to  650  lb.  per  sq.  in.,  j  may  be  taken  as  {. 

Moment  of  Resistance. — If  the  beam  is  under-reinforced  its  strength  will  depend  on  the 
steel,  and 

M.  -  T'j'd  =  f.'A  'j'd  -  f.'P'j'b'd'  (6) 

If  the  beam  is  over-reinforced  its  strength  will  depend  on  the  concrete,  and 

M.  -  C'j'd  -  ifc'b'k'd'j'd  =  ifc'k'j'b'd^  (7) 

The  resisting  moment  of  the  beam  is  the  smaller  of  the  two  values  of  M. 
Now  Rs  "  fB'P'Jt  and  Re  ■■  ifc'k'j,  and  equations  (6)  and  (7)  become 

M.  =  i2..ft.(P  (6a) 

Me  -  Re'b'd'  (7a) 


d  » 


M 
R'b 


(66) 
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Percontocjd  Keinforcement 
Q5  1.0  15 


0.5  1.0  15 

Percentacje  Reinforcement 

Fig.  2. 
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For/e  -  650  lb.  and/,  -  16,000  lb.  per  sq.  in.,  from  Fig.  2,  iJ  -  107.5,  and 

rf- 0.0965^  (6c) 

Fiber  Stresses. — ^To  calculate  the  unit  fiber  stresses  for  a  given  bending  moment  solve  equa- 
tions (6)  and  (7),  and 

^*      A      A'j'd     P'j'b'd^  ^^^ 

-      ^^      .^  (9) 


Steel  lUtio. — If  k  be  eliminated  by  solving  equations  (3)  and  (3)  the  steel  ratio  will  be 


m.*') 


(10) 


If  a  value  of  p  less  than  that  given  by  (10)  is  used  the  steel  determines  the  strength  of  the  beam, 
while  if  ^  is  greater  the  concrete  will  determine  the  strength  of  the  beam. 

Diagram  for  Rectangular  Beams. — Ixi  Fig.  2  are  given  values  of  k  and  j  for  n  -»  15  and  for 

different  values  of  p.    Values  of  i?,  =■  jT^are  given  for  different  values  of  /« and  p^  and  values  of 

M 

Rt  -» rr^are  given  for  di£ferent  values  of /•  and  p.    The  use  of  the  table  will  be  shown  by  three 

problems. 

Problem  z.  Moment  of  Resistance. — Given  the  following  data:  b  »  10",  d  ^  20", 
/•  =  16,000  lb.,/«  =  600  lb.,  2  steel  bars  i"  D  (/>  =  o.oi),  find  M,  and  M„ 

Solution. — In  Fig.  2  find  value  of  percentage  of  reinforcement  p  ^  i  per  cent,  on  lower  maxgin 
and  follow  the  vertical  line  to  curved  line  /«  »  600,  then  follow  to  the  left  on  a  horizontal  line  and 
find  Re  »  107  on  left  margin.  In  like  manner  R^  ^  138,  which  will  overstress  the  concrete. 
The  resisting  moment  will  then  bt  M  ^  Re^b-d^  ^  107  X  10  X  20*  «  428,000  in.-lb. 

Problem  2.  Fiber  Stresses. — Given  the  following  data:  b  «  10",  d  -  20",  p  »  0.009 
(0.9  per  cent),  M  —  360,000  in.-lb.,  find  /,  and  /«. 

Solution, — R  =  M/b'd^  «  90.  In  Fig.  2  the  intersection  of  a  vertical  line  through  reinforce- 
ment «  0.9  per  cent  and  a  horizontal  line  through  i?  =  90,  gives /«  =  520  lb.  and/,  =  11,700  lb. 

Problem  3.  Cross-section  of  Beam  and  Percentage  of  Reinforcement — Given  M  «  360,00a 
m.-lb.,  /.  «  14,000  lb.,  /.  =  500  lb.,  to  find  6,  d  and  p. 

Solution. — In  Fig.  2  the  intersection  of  curved  line  /«  »  600  lb.  and  straight  line  /«  »  14,000 
lb.  gives  on  the  lower  margin,  p  »  0.0084  (0.84  per  cent),  and  on  left  margin  gives  R  «  102. 
Then  6-<P  -  M/R  -  3,530.    Now  if  6  «  10",  then  d  «  19". 

STRESSES  IN  T-BEAMS.— There  will  be  two  cases:  (i)  when  the  neutral  axis  is  in  the 
flange,  and  (2)  when  the  neutral  axis  is  in  the  web. 

Case  L  The  Neutral  Axis  in  the  Flange. — ^The  formulas  for  a  rectangular  beam  apply,  with. 
h  as  the  flange  width  and  p  ^  A  -r  b-d,  not  A  -s-  b''d. 

ApproonnuUe  Formulas, — It  will  be  seen  in  Fig.  3  that  j'd  is  always  greater  than  d  —  1/$, 
and  the  following  formulas  are  on  the  safe  side.  AT,  —  ft'A{d  —  //3),  and  /,  =  Mt/A(d  —  //3). 
There  is  no  corresponding  approximate  formula  for  the  concrete. 

Case  n.  The  Neutral  Axis  in  the  Web. — ^Where  the  thickness  of  the  flange  t  is  large  as 
compared  with  the  depth  of  the  beam,  or  as  compared  with  the  width  of  the  web,  the  compression 
in  the  web  may  be  neglected. 
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I* b 


"- H 


.».. 


^Neutral  Axis. 


.^1 


../ 


/ 


7^ 


W-b'-j) 


n 


Fig.  3. 


(i)  The  Compression  in  ffaie  Web  Neglected*    Neutral  Axis  and  Arm  of  Resisting  Couple. — 
As  in  tlie  rectangular  beam 

and 


k  =■ 


(3) 
(II) 


I  -i-fjn'f. 
Tlie  average  unit  oompreasive  stress  in  the  flange  is 

l[/c+/.(l   -//*•«]  -/.(l-lj), 

and  the  total  compression  is 
Now  since  C  ■•  T 

f.-{'-H)i 

Solving  (3)  and  (12)  for  A;  we  have 

p-n  +5 

The  arm  of  the  resisting  couple  is  i  —  s,  where  z  is  the  distance  from  the  top  of  the  beam  to  the 
center  of  the  shaded  area  in  Fig.  3. 

,„3*Jl.£fxi  .  (IS) 

Also 

j'd  -  i  -  s  (16) 

Substituting  k  from  (14)  in  (15)  and  %  from  (15)  in  (16)  we  have 


(12) 
(13) 

(14) 


.         6  -  65  +  25«  +  i(5»//>-lt) 

Steel  Ratio  in  Terms  of  Fiber  Stresses.— Solving  (13)  for  p 

'-[■-'i]'f: 


(17) 


(18) 


Resisting  Moments  in  Terms  of  Fiber  Stresses. — ^The  resisting  moment  as  determined  by 
stress  in  steel  is 

JIf.  =  T'j'd  «  U'A.'j'd  -  frp'j'h'd^  (19) 
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The  reststing  moment  as  determined  by  stress  in  concrete  is 

li.  -  Cj-d  -  /.  [  I  -  1 1]  sjh'd^  (20) 

Coeffidente  <A  Seaistance. — By  definition 


From  (19) 
From  (30) 


Fiber  StresMS  in  Tenns  of  Momeiit— Solving  (19)  for/. 

Solving  (30)  for/. 

/.-r ^ (23) 


[^  -  hi\sih-^ 


Steel  Aree  in  Terms  of  Steel  Ratio  and  of  Moment— Solving  (19)  iot  A, 

A    ^^^ 

^'     f.'j'd 

Aim  of  Resisting  Couple  in  Terms  of  Coefficient  of  Resistance.— From  (21),  p  ■>  R/ftJ. 
Subetituting  in  (17)  and  solving 

^  3(1  -  ^)  +  ^  f. 

2.  Compression  in  Web  Considered. — ^Where  the  flange  is  thin  as  compared  with  the  depth 
of  the  beam,  d,  and  width  of  web,  b',  it  may  become  necessary  to  consider  the  compression  in  the 
web.    In  the  same  manner  as  in  (i),  we  liave 


.    .        hnd'A  +(b-  b')fi^  /fi'A  +  (&  -  byy     n-A  +  (6  -  b')i 

*-^"V V +  v V ) V 


(25) 


yd   am  d  —  Z 

M.^JrA'j'd 
^'  "  sfe  ^^^^'^  "  '^^''  +  ^^'^  r  0*fr'li-<i  (26) 

Design  of  t-Besms. — ^Where  the  dimensions  and  reinforcement  of  the  beam  are  given  the 
ttfe  load  can  be  calculated  by  the  preceding  formulas.  If  the  value  of  ^  •  <2  is  less  than  /  the  problem 
comes  under  Case  I,  and  the  formulas  for  rectangular  beams  may  be  used. 
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STRESSES  IN  BEAMS  REINFORCED  FOR  COMPRESSION. --The  beam  is  reinfoiced 

with  steel  on  both  the  compression  and  tension  sides. 

Neutral  Axis  and  Arm  of  Resistiiig  Couple. — ^From  Fig.  4,  aa  in  Fig.  i,  we  have 


Also 
and 


(3) 


(27) 


Fig.  4. 

For  simple  flexure  T  -  C  +  C,  and 

f.'A  -'ifc'b'k'd+U'A' 
Substituting  values  of /«  and/«'  from  (3)  and  (27)  in  (28),  we  have 

*•  +  2n(p  +  p')k  =-  2n(p  -h  P'-d'ld) 
and  solving  for  k, 

*  =  V2»(/>  4-  P'-d'/d)  +  [n(p  4-  P17  -nip  +  p") 

The  arm  of  the  resisting  couple  is 

j'd^d-z 
where  s  is  given  by  the  equation 

jfe'-rf-f  2p''n'd'ik  -  d'/d) 
'  "       Jfe*+  2p''nik  -  d'ld) 
Moment  of  Resistance. — If  the  beam  is  under-reinforced  on  the  tension  side  the  strength 
of  the  beam  is  determined  by  the  steel,  and 

M.  ''f.'A'j'd  '^frp'j'b'd^  (32) 

If  the  beam  is  over-reinforced  on  the  tension  side,  the  strength  of  the  beam  is  determined  by  the 
compressive  resistance  and 

Mc  -  ifc'Hl  -  ik)b'd^  +f.''P''b'did  -  d')  (33) 

If  the  value  of/.'  from  (27)  be  substituted  in  (33),  then 

Mc  -  fc'b'd^m  -  i«  +  n-p'ik  -  d'/dKi  -  d'ld)lk]  (34) 

Fiber  Stresses. — ^The  stress /«  for  a  moment  M  is 

M  M 


(28) 

(29) 
(30) 
(31) 


^'      A-j-d      P'j'b-d^ 
while  the  compressive  stresses  may  be  calculated  by  equations  (3)  and  (27). 
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Approximate  Formulas. — ^For  approximate  calculations  assume  that  k  ■■  0.45  and  j  »  0.85, 
and  then 

M,  -  o.SsP'f.'b'd'  (36) 


Jf«  -  (0.19  -h  io.5p')fc'b'd^ 
/.  -  i.iSMlp'b'd^ 


(37) 
(38) 


FI.EZURS  AND  DIRECT  STRESS. — When  a  member  carries  direct  stress  and  at  the 
same  time  acts  as  a  beam,  there  are  both  direct  stresses  and  bending  stresses  at  any  section.  A 
common  example  is  where  the  resultant  of  the  external  forces  on  a  beam  acting  on  one  side  of  the 
section  is  not  normal  to  the  beam.  There  are  two  cases:  (i)  where  the  neutral  axis  is  entirely 
outside  of  the  beam  and  the  combined  stresses  are  all  tension  or  all  compression,  and  (2)  where  the 
neutral  axis  is  inside  the  section  and  the  stresses  on  the  section  are  both  tension  and  compression. 
The  following  additional  notation  is  required : 

P  =-  resultant  of  all  external  forces  acting  on  a  beam  on  either  side  of  the  section. 

N  =  component  of  P  normal  to  section. 
e  «  eccentric  distance  of  P. 

M  —  bending  moment  on  section  ^  N'C. 

A'  —  area  of  steel  near  face  most  highly  stressed. 

d'  =  distance  from  upper  face  to  center  of  steel  A'. 

A  B  area  of  steel  near  other  face: 

d  —  distance  from  upper  face  to  center  of  steel  A. 

h  =»  height  of  section. 

p'  =  steel  ratio  A'/b-h, 

p  «  steel  ratio  A/b^h, 

y  —  distance  from  upper  face  to  center  of  the  transformed  section. 

At  »  area  of  the  transformed  section. 

It  —  moment  of  inertia  of  transformed  section  with  reference  to  its  centroidal  axis. 

le  =»  moment  of  inertia  of  the  concrete  with  reference  to  the  same  axis. 

/•  »  moment  of  inertia  of  the  steel  with  reference  to  the  same  axis. 


Fig.  5. 


Case  L  Stresses  all  Compression. — (a)  The  unit  stresses  in  the  concrete  and  steel  can  be 
calculated  by  transforming  the  section,  the  steel  being  assumed  to  be  equal  to  concrete,  having 
n  times  the  area  of  the  steel,  and  acting  with  its  center  of  gravity  in  the  same  line. 
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A,-b-h  +  n(A  +A') 

C39) 

hfa+n-p-d  +  n-p'-d' 
^           i+n-p  +  n-p' 

(40) 

/.  -  i[y»  +  (A  -  yyy> 

(41) 

I.  -  A{d  -  y)*  +  A'(y  -  dr 

(42) 

/,-/.  +  n-J. 

(43) 

If  the  reinforcement  is  symmetrical  and  equal,  y  —  A/3,  and  /«  ■•  -ftb-h*,  and  I,  »  aA(ih  —  d'}*. 
Now  in  Fig.  5  the  direct  unit  stress  in  the  concrete  will  be  N/A,  and  the  Tna-rimnm  flexural 

M-y 

unit  stress  in  the  concrete  is—j—,  and  the  combined  stresses  are 


N      M-y    . 
f,_N      ifM(y  -  iO 


/  ^ 

^•-T.- 


n-M(.d  -  y) 
It 


(44) 
(45) 
(46) 


(b)  The  stresses  may  be  calculated  directly  from  Fig.  6  without  using  the  transformed 
sections.    From  Fig.  6 

/.'  -  «•/.(!  -  d'Ik-k)  (47) 


/.  =  »•/.(!  -  d/k-h) 
f.'-Mi-i/k) 
Now  since  the  resultant  normal  stress  equals  N,  we  have 

N  ~  ICf.  +/.')i-A  +/.'-^'  +f.-A 
and  since  if  —  moment  of  all  forces  about  the  neutral  axis 


(48) 
(49) 

(50) 
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Jf  -  i(/.+/.')6Ag(5j^^)  +f.'A'[^-d')  -f.-A  [l-d)  (51) 

The  unit  stresses  may  be  calculated  by  means  of  the  formulas  above. 

If  the  reinforcement  is  symmetrical,  and  A  '^  A',  k  is  given  by  the  equation 

I2ib(i  +  2n'p)elh  =  i  +  a^n-p-a^/h*  +  6(i  -f-  2n'p)elh  (52) 

and 

M  =  fc'b'h*(i  -h  24n./».aVA«)/i2ik  (53) 

If  e/h  =  iftr  and  ^  =  1.0  per  cent,  k  =  2.07. 

Case  n.    Stresses,  Both  Tension  and  Compression. — (a)  If  the  tension  as  calculated  by  the 

formula  /«'  -•  -j =-^  does  not  exceed,  say  60  lb.  per  sq.  in.  it  will  be  sufficient  to  use  the 

formulas  of  Case  I. 

ib)  If  the  tensile  stresses  in  the  concrete  are  too  large  to  be  neglected  the  stresses  may  be 
calculated  as  follows: 


From  Fig.  7  we  have 


Fig.  7. 


/.«„./,(^-x) 


and 


The  resultant  fiber  stress  may  be  obtained  from 

N^ifc'b'k'k+f/'A'-fs'A 
The  moment  of  the  fiber  stresses  about  the  horizontal  axis  through  0  is  Af ,  and 

If  the  reinforcement  is  equal  on  both  sides  and  symmetrical  we  have 

The  greatest  compreauon  in  the  fiber  is  then  obtained  from 

/Google 


(54) 
(55) 
(56) 
(57) 

(58) 

(59) 
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5.  COLUMNS. — For  short  columns  the  ratio  of  length  to  least  width  not  exceeding  15, 

/.  »  n-Sc  (60) 

P' -/e-i4e-h/.-i4.  (61) 

-/c-i4cli  +  (»- i)/»l  (62) 

J' =  I -h  (»-!)/»  (63) 

French  Commission's  formula  for  hooped  columns: 

P'-./c.4(i+i5/>  +  32/»0  (64) 
For  long  columns: 

,  _  fell  -Kn  -  i)p]  ^^^j 


,000  \rj 


Where  /  is  the  average  unit  stress  on  the  column,  and  /  and  r  are  the  length  and  radius  of 
gyration  of  the  column  respectively,  both  measured  in  the  same  units. 

Bond  or  Resistance  to  Slipping  of  Reinforcing  Bars. — ^Where  there  is  no  web  reinforcement 
the  shear  is  taken  by  the  concrete  and  the  shear  increments  are  transferred  to  the  bars  by  the 
adhesion  of  the  concrete  to  the  bars.  The  solution  is  the  same  as  that  for  finding  the  pitch  of 
rivets  in  the  flanges  of  a  plate  girder. 

Now  in  (b),  Fig.  i,  take  two  right  sections  at  a  distance  dx  apart.  Equilibrium  of  these  two 
sections  is  maintained  by  the  resisting  moment  of  the  bond  which  is  equal  and  opposite  to  the 
moment  of  the  vertical  shear,  a  couple  with  an  arm  dx. 

Taking  moments  about  center  of  gravity  of  compressive  forces  we  have 

V'dx  =  Zo'Ju'dx'j'd  -  (66) 

where  o  =  surface  of  bar  for  one  inch  in  length  and  So  —  surface  of  all  the  bars  one  inch  in  length, 
/u  =  bond  developed  per  square  inch  of  surface  of  bar,  and  V  is  the  vertical  shear  in  the  beam. 
Solving  for  /«,  we  have 

Equation  (67)  applies  to  the  case  of  horizontal  bars.  For  inclined  bars,  j'd  will  be  a  variable 
and  fu  will  be  the  horizontal  component  of  the  bond  resistance. 

Vertical  and  Horizontal  Shearing  Stresses. — ^At  any  point  in  a  beam  the  vertical  unit  shearing 
stress  is  equal  to  the  horizontal  unit  shearing  stress.  The  horizontal  shearing  stress  transmits  the 
increments  of  tension  to  the  reinforcing  bars  by  bond  stresses,  as  explained  in  the  preceding  dis- 
cussion. 

The  amount  of  this  horizontal  stress  transmitted  to  the  reinforcing  bars  is  by  equation  (67) 

Now  if  the  horizontal  shear  just  above  the  plane  of  the  bars  is/v,  the  total  horizontal  shearing 
stress  will  be/v*6,  which  equals  Zo'fut  £Uid 

As  an  approximate  formula  j  may  be  taken  equal  to  {,  and 

•^'      7b'd 

As  no  tension  is  assumed  to  exist  in  the  concrete,  the  horizontal  shear  will  be  constant  up  to  the 
neutral  axis,  above  which  point  it  decreases  to  zero  at  the  top  of  the  beam.     It  will  be  seen  that 
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lean  or  poor  ooncrete  lacking;  in  shearing;  strength  should  not  be  placed  below  the  neutral  axis  of 
beams  with  the  idea  that  it  may  be  satisfactory  for  the  reason  that  the  concrete  is  assumed  to 
take  no  tension. 

The  same  formulas  apply  to  beams  reinforced  for  compression  as  regards  shear  and  bond 
stress  on  tensile  steel. 

For  T'Beams, 


A 


(70) 


Diagonal  Tensioii  in  Concrete. — In  Mechanics  of  Materials  (Meniman's  Mechanurs  of 
Materials,  p.  265, 191 6  edition)  it  is  shown  that  shear  and  tensile  stresses  combine  to  cause  diagonal 

tensile  stresses.  

<-i/+Vi/»+A«  (71) 

where  t  is  the  diagonal  tensile  unit  stress,  /  is  the  horizontal  tensile  unit  stress,  and  /«  is  the  hori- 
zontal or  vertical  shearing  unit  stress.  The  direction  that  stress  /  makes  with  the  horizontal  is 
one-half  the  angle  whose  cotangent  is  if  If 9.    If  there  is  no  tension  in  the  concrete  this  reduces  to 


and  /  makes  an  angle  of  45®  with  the  horizontal. 


(72) 


Fig.  8. 


Stresses  due  to  diagonal  tension  may  be  carried  (i)  by  bending  the  reinforcing  bars  into  a 
diagonal  position,  or  (2)  by  means  of  stirrups  to  take  the  vertical  component  of  the  diagonal 
tension,  or  (3)  by  both  bent-up  bars  and  stirrups. 

Stresses  in  Stirrups. — ^The  following  analysis  is  approximate  but  gives  results  that  agree 
closely  with  experiments.  From  formula  (72)  it  will  be  seen  that  for  no  tension  in  the  concrete 
below  the  neutral  axis  the  diagonal  tension  will  make  an  angle  of  45**  with  the  horizontal;  the 
plane  of  failure  will  then  be  normal  to  the  diagonal  tension  and  will  also  make  an  angle  of  45^ 
with  the  horizontal.  Let  V  be  the  shear  in  the  beam  not  carried  by  the  concrete.  Also  assume 
that  the  shear  is  uniform  over  the  cross-section.    Then  /,  =  V/b'j'd  «  /. 

From  Fig.  8,  if  j'  is  the  spacing  of  the  vertical  stirrups  the  stress  in  one  stirrup  is 


./..j.^-i^ 


(73) 


20 


Digitized  by 


Google 


290 


STRESSES  IN  REINFORCED  CONCRETE. 


Chap.  XVIII. 


Stirrups  inclined  at  an  angle  of  45^  will  carry  the  diagonal  tension  on  a  section  s'-b -cos  4^*. 
Then  for  diagonal  stirrups 

r  -  A.fr.y  cos  45*  -  0.7 j^  'S'  (74) 

To  be  effective  the  stirrups  should  be  spaced  so  that  at  least  one  stirrup  will  intersect  the  line  of 
rupture  (45**  line)  below  the  center  of  the  beam,  which  requires  that  s'  never  be  greater  than  J/3. 
Rods  spaced  farther  apart  than  i  are  of  no  value. 


M ^•"'^. 


V 

^  Fig.  9. 

Inclined  stirrups  should  be  rigidly  fastened  to  the  horizontal  reinforcement,  and  aU  sdmips 
should  pass  around  the  horizontal  reinforcement,  and  have  hooked  ends  at  the  top. 

To  calculate  the  stress  in  a  bar  bent  up  at  45^  in  a  beam  with  a  uniform  load  the  method 
shown  in  Fig.  9  may  be  used.  The  shear  at  the  support,  /,  «  V/h'j'd,  is  laid  off  as  shown.  The 
shear  that  may  be  carried  by  the  concrete,  is  subtracted.  The  stress  in  the  bent-up  bar  is  then 
equal  to  area  1-2-3-4  X  b.  If  the  bar  is  bent-up  at  some  angle  other  than  45^  the  shear /«  should 
be  laid  off  parallel  to  the  bent-up  bar.  If  stirrups  are  used  the  stress  carried  by  the  bent-up 
bars  should  be  subtracted  before  calculating  stresses  in  the  stirrups.  In  the  spedfications 
in  Appendix  II,  two-thirds  of  the  external  shear  may  be  assumed  as  taken  by  the  stirrups, 
providing  they  are  properly  spaced.  The  concrete  is  then  assumed  to  take  one-third  of  the  ex- 
ternal shear,  but  never  more  than  2  per  cent  of  the  compressive  strength  of  the  concrete,  or 
40  lb.  per  sq.  in.  for  concrete  with  an  ultimate  strength  of  2,000  lb.  per  sq.  in. 

Spacing  of  Bars. — ^The  lateral  spacing  of  parallel  bars  should  not  be  less  than  3  diameters, 
center  to  center,  nor  should  the  distance  from  the  side  of  the  beam  to  the  center  of  the  nearest 
bar  be  less  than  2  diameters.  The  clear  spacing  between  two  layers  of  bars  should  not  be  less 
than  I  inch,  but  the  distance  center  to  center  of  bars  in  the  different  layers  should  not  be  less  than 
3  diameters. 

T-Beams. — In  beam  and  slab  construction,  an  effective  bond  should  be  provided  at  the 
junction  of  the  beam  and  the  slab.  When  the  principal  slab  reinforcement  is  parallel  to  the  beam, 
transverse  reinforcement  should  be  used  extending  over  the  beam  and  well  into  the  slab.  The 
slab  may  be  considered  an  integral  part  of  the  beam,  when  adequate  bond  and  shearing  resistance 
between  slab  and  web  of  beam  is  provided  but  its  effective  width  should  be  determined  by  the 
following  rules: 
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(a)  It  shall  not  exceed  one-fourth  of  the  span  length  of  the  beam. 

{b)  Its  overhanging  width  on  either  side  of  the  web  shall  not  exceed  six  times  the  thickness  of 
the  slab. 

(c)  It  must  not  exceed  the  distance  between  beams. 

Beams  in  which  the  T-form  is  used  only  for  the  purpose  of  providing  additional  compression 
area  of  concrete  should  preferably  have  a  width  of  flange  not  more  than  three  times  the  width 
of  the  stem  and  a  thickness  of  flange  not  less  than  one-third  of  the  depth  of  the  beam. 

The  ratio  of  b'  to  d  should  vary  from  }  to  }  for  small  beams  and  may  be  as  small  as  i  for 
large  beams.  The  width  b'  must  be  sufficient  to  provide  the  necessary  space  for  tensile  reinforce- 
ment. 

The  depth  of  beam  in  inches  should  be  approximately  equal  to  the  span  in  feet. 

ABSTRACT  OF  REPORT  OF  COMMITTEB  ON  CONCRETE  AND  REINFORCED 
CONCRETE  OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS.  The  report  was 
printed  in  Transactions  of  American  Society  of  Civil  Engineers,  Vol.  XLII,  December,  1916. 

The  working  stresses  are  given  for  static  loads.  Proper  allowances  are  to  be  made  for  vibra- 
tions and  impact.  In  selecting  the  proper  working  stress  the  designer  should  be  guided  by  the 
working  stresses  used  for  other  materials  of  construction,  so  that  the  entire  structure  may  have 
the  same  degree  of  safety.  The  allowable  stresses  are  given  in  terms  of  the  ultimate  compressive 
strength  of  concrete,  obtained  in  testing  concrete  in  cylinders  8  in.  in  diameter  and  16  in.  long, 
made  of  sluggish  consistency,  made  and  stored  under  laboratory  conditions.  The  Committee 
recommends  the  following  values  for  compressive  strength  of  concrete  to  be  used  in  design. 

TABLE  I. 

CoMPREssiVB  Strength  of  Different  Mixtures  of  Concrete, 
Pounds  per  Square  Inch. 


Aggregate. 

xToportioDS. ' 

xg. 

i:4«. 

x:6. 

i:7X. 

1:9. 

Granite,  trap  rock 

3,300 

3,000 

2,200 

800 

2,800 

2,500 

1,800 

700 

2,200 
2,000 

••IS 

1,800 
1,600 
1,200 

Soo 

1400 

1,000 
400 

Gravel,  hard  limestone,  and  hard  sandstone 

Soft  limestone  and  sandstone 

Cinders 

ALLOWABLE  STRESSES. 

Ptr  Cent  of 

Compressive 

Strength 

Structural  steel  in  tension 

Concrete  in  compression  where  the  surface  is  at  least  twice 

the  loaded  area 35 

Concrete  for  concentric  compression  on  a  plain  concrete 
column  or  pier,  the  length  of  which  does  not  exceed  4 
diameters 22.5 

Compression   on  columns  with   longitudinal   reinforcement 

only,  length  of  the  column  shall  not  exceed  12  diameters-  22.5 

(a)  Columns  with  longitudinal  reinforcement  to  the  extent 
of  not  less  than  i  per  cent  and  not  more  than  4  per  cent, 
and  with  lateral  ties  of  not  less  than  i  in.  in  diameter,  12 
ip.  apart,  nor  more  than  16  diameters  of  the  longitudinal 
bar ^ 22.5 

(6)  Columns  reinforced  with  not  less  than  i  per  cent  and  not 
more  than  4  per  cent  of  longitudinal  bars  and  with 
circular  hoops  or  spirals  not  less  than  i  per  cent  of  the 
volume  of  the  concrete  and  as  hereinafter  specified:  a 
unit  stress  55  per  cent  higher  than  given  for  (a)  pro- 
vided the  ratio  of  unsupported  length  of  column  to 
diameter  of  the  hooped  core  is  not  more  than  10 34.875 

*  Combined  volume  of  fine  and  coarse  aggregate  measured  separately. 
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The  following  limitations  are  placed  on  design  of  columns.  Minimum  size  of  columns  12  in. 
out  to  out.  Longitudinal  ]Feinfoix:ement  to  be  assumed  to  cany  its  proportion  of  stress.  Hoops 
or  bands  not  assumed  to  carry  stress.  Hooping  not  to  exceed  i  per  cent  of  volume  of  column 
enclosed.  Clear  spacing  of  hooping  not  greater  than  one-sixth  diameter  enclosed  column,  pre- 
ferably not  greater  than  one-tenth  and  not  more  than  2}  in.  Ends  of  hooping  must  be  umted 
to  develop  full  strength. 
Compression  on  extreme  fiber  of  a  beam,  calculated  for  constant  modulus  of  elasticity 

(stresses  adjacent  to  the  supports  of  continuous  beams  may  be  15  per  cent  higher) ....  32.5 

Shear  in  beams  with  horizontal  bars  only  and  without  web  reinforcement 2 

Shear  in  beams  with  vertical  stirrups  looped  about  longitudinal  bars  on  tension  side,  and 
stirrups  spaced  horizontally  not  more  than  one-half  the  depth  of  the  beam;  or  beams 
with  longitudinal  bars  bent  up  at  an  angle  not  greater  than  45°  nor  less  than  20*"  with 
axis  of  beam,  points  of  bending  up  spaced  horizontally  not  more  than  three-quarters 

the  depth  of  the  beam 4.5 

Shear  in  beams  having  a  combination  of  bent  bars  and  vertical  stirrups  looped  about  re- 
inforcing bars  in  tension  side  of  beam  and  spaced  horizontally  not  more  than  one-half 

the  depth  of  the  beam 5 

Shear  in  beams  with  web  reinforcement  (either  vertical  or  inclined)  securely  attached  to 
longitudinal  bars  in  tension  side  of  beam  in  such  a  way  as  to  prevent  slipping  of  bar 
past  the  stirrup,  vertical  stirrups  spaced  not  more  than  one-half  the  depth  of  the  beam, 

and  inclined  members  spaced  not  more  than  three-quarters  depth  of  beam 6 

(The  web  reinforcement  shall  be  proportioned  for  two-thirds  the  external  vertical  shear. 
The  bent-up  bars  may  be  assumed  as  reducing  the  shearing  stresses,  but  this  reduction  shall  in 
no  case  be  taken  greater  than  4}  per  cent  of  compressive  strength  of  the  concrete  over  the  effective 
section  of  the  b^m.  When  calculated  by  the  formula  /,  —  V/(b'j'd),  this  would  mean  that 
shear/v  could  not  be  greater  than  90  lb. per  sq.  in.  for  2,000  lb.  concrete.) 

The  stresses  in  stirrups  and  inclined  members  when  combined  with  bent-up  bars  are  to  be 
determined  by  finding  the  amount  of  the  total  shear  that  may  be  allowed  by  reason  of  the  bent-up 
bars,  and  subtracting  this  shear  from  the  total  external  vertical  shear.  Two-thirds  of  the  re- 
mainder will  be  the  shear  to  be  carried  by  the  stirrups. 

The  stresses  in  web  reinforcement  may  be  calculated  by  the  following  formulas: 
Vertical  web  reinforcement 

T  -  V's'ljd  (75) 

BatB  bent  up  at  angles  between  20°  and  45®  with  the  horizontal  and  web  members  inclined  at  45^ 

4   J-a 

Where  V  »  two-thirds  of  the  total  shear  producing  stress  in  the  web  reinforcement;   T  «  total 
stress  in  member;  s'  ■>  horizontal  spacing  of  stirrups,  Sindj'd  =>  effective  depth  of  beam. 

Punching  shear,  only 6 

.  Bond  stress  between  concrete  and  plain  reinforcing  bars 4 

Bond  stress  between  concrete  and  drawn  wire 2 

Bond  stress  between  concrete  and  deformed  bars,  not  more  than 5 

The  modulus  of  elasticity  to  be  taken  for  the  design  as  follows: 

(a)  One-fortieth  that  of  steel,  when  the  strength  of  the  concrete  is  taken  as  not  more  than 
800  lb.  per  sq.  in. 

{b)  One-fifteenth  that  of  steel  where  the  strength  of  the  concrete  is  taken  as  greater  than  800 
lb.  per  so.  in.,  and  less  than  2,200  lb.  per  sq.  in.,  or  less. 

(c)  One-twelfth  that  of  steel  where  the  strength  of  the  concrete  is  taken  greater  than  2,200 
lb.  per  sq.  in.  or  less  than  2,900  lb.  per  sq.  in. 

(d)^  One-tenth  that  of  steel  where  the  strength  of  concrete  is  taken  as  grater  than  2,900  lb. 
per  sq.  in.     In  calculating  deflection  take  one-eighth  of  the  modulus  of  elasticity  of  steel. 

Length  of  Beams  and  Columns. — ^The  span  length  of  beams  and  slabs  simply  supported 
should  be  taken  as  the  distance  center  to  center  of  supports,  but  need  not  be  taken  greater  than 
the  clear  span  plus  the  depth  of  beam  or  slab.  For  continuous  or  restrained  beams  built  mono- 
lithically  into  the  supports,  the  span  length  may  be  taken  as  the  clear  distance  between  faces  of 
supports.  Brackets  should  not  be  considered  as  reducing  the  clear  span  in  the  sense  here  intended, 
except  that  when  brackets  which  make  an  angle  of  45®  or  more  with  the  axis  of  a  restrained  beam 
are  built  monolithically  with  the  beam,  the  span  may  be  measured  from  the  section  where  the 
combined  depth  of  the  beam  and  the  bracket  is  at  least  one-third  more  than  the  depth  of  the 
beam.  Maximum  negative  moments  are  to  be  considered  as  existing  at  the  end  of  the  span  as 
here  defined.    When  the  depth  of  a  restrained  beam  is  greater  at  its  ends  than  at  its  mid-span  and 
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the  slope  of  the  bottom  of  the  beam  at  its  ends  makes  an  angle  of  not  more  than  15®  with  the  direc- 
tion of  the  axis  of  the  beam  at  mid-span,  the  span  length  may  be  measured  from  face  to  face  of 
supports. 

The  length  of  colunms  should  be  taken  as  the  maximum  unstayed  length. 

Design  of  T-beams. — In  beam  and  slab  construction  an  effective  bond  should  be  provided 
at  the  junction  of  beam  and  slab.  When  the  principal  reinforcement  is  parallel  to  the  beam, 
transverse  reinforcement  should  be  used,  extendmg  over  the  beam  and  well  into  the  slab. 

The  width  of  the  slab  shall  not  exceed  one-fourth  of  the  span  length  of  the  beam;  and  its 
overhanging  width  on  each  side  of  the  web  shall  not  exceed  six  times  the  thickness  of  the  slab. 

Floor-SlAbs  SttmK>rted  along  Four  Sides. — Floor-slabs  having  the  supports  extending  along 
the  four  sides  should  be  designed  and  reinforced  as  continuous  over  the  supports.  For  rectangular 
slabs  in  which  the  length  is  not  greater  than  one  and  one-half  times  the  width  the  portion  ol  the 
total  uniformly  distributed  load  to  be  carried  by  the  transverse  reinforcement  will  be  given  bv  the 
formula  r  »  l/b  ^  0.5,  where  /  »  length  and  b  »  width  of  slab.  Two-thirds  of  the  calculated 
moments  shall  be  assumed  as  carried  by  the  center  half  of  the  slab,  and  one-third  by  the  outside 
quarters.  The  distribution  of  loads  from  slabs  to  the  supporting  beams  shall  be  assumed  as 
varying  as  the  ordinates  to  a  parabola  with  its  vertex  at  the  middle  of  the  span. 

Conthmous  Beams  and  Slabs. — ^When  the  beam  or  slab  is  continuous  over  its  supports, 
reinforcement  should  be  provided  at  points  of  negative  moment.  In  computing  bending  moments 
for  uniformly  distributed  loads  the  following  rules  are  recommended: 

(a)  For  floor-slabs,  the  bending  moments  at  center  and  at  support  should  be  taken  as  wl^f  12     1 
for  both  dead  and  live  loads,  where  w  represents  the  load  per  linear  unit  and  /  the  span  length.    J 

(b)  For  beams,  the  bending  moment  at  center  and  at  support  for  interior  spans  should  be^ 
taken  as  w-/>/i2,  and  for  end  spans  it  should  be  taken  as  W'Pjio  for  center  and  interior  support, 
for  both  dead  and  live  loads. 

(c)  In  the  case  of  beams  and  slabs  continuous  for  two  spans  only,  with  their  ends  restrained, 
the  bending  moment  both  at  the  central  support  and  near  the  middle  of  the  span  should  be  taken 
asw-/'/io. 

{d)  At  the  ends  of  continuous  beams,  the  amount  of  negative  moment  which  will  be  de- 
veloped in  the  beam  will  depend  on  the  condition  of  restraint  or  fixedness,  and  this  will  depend  on 
the  form  of  construction  used.  In  the  ordinary  cases  a  moment  of  W'Pli6  may  be  taken;  for 
small  beams  running  into  heavy  columns  this  should  be  increased,  but  not  to  exceed  w-/*/i2. 

For  spans  of  unusual  length,  or  for  spans  of  materially  unequal  length,  more  exact  calculations 
should  be  made.    Special  consideration  is  also  required  in  the  case  of  concentrated  loads. 

Even  if  the  center  of  the  span  is  designed  for  a  greater  bending  moment  than  is  called  for  by 
(a)  or  (fr),  the  negative  moment  at  the  support  shoiUd  not  be  taken  as  less  than  the  values  there 
given. 

Spadng  of  Bars. — Lateral  spacing  of  parallel  bars  should  not  be  less  than  three  diameters 
center  to  center,  nor  two  diameters  from  the  side  of  the  beam  to  the  center  of  the  bar.  The  clear 
spacing  between  two  layers  of  bars  should  not  be  less  than  i  in.  The  use  of  more  than  two  layers 
is  not  recommended  unless  the  layers  are  tied  together  by  adequate  metal  connections,  par- 
ticularly at  and  near  points  where  bars  are  bent  up  or  down. 

Reinforcement  for  Temperature. — Reinforcement  not  less  than  one-third  of  one  per  cent  of 
a  form  that  will  develop  a  high  bond  resistance  should  be  placed  near  the  exposed  surface  and  be 
well  distributed. 
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CHAPTER  XIX. 
Design  of  Retaining  Walls. 

Introdtictlon. — ^A  retaining  wall  is  a  structure  which  sustains  the  lateral  pressure  of  earth  or 
some  other  granular  mass  which  possesses  some  f rictional  stability.  The  pressure  of  the  material 
supported  will  depend  upon  the  material,  the  manner  of  depositing  in  place,  and  upon  the  amount 
of  moisture,  and  will  vary  from  zero  to  the  full  hydraulic  pressure.  If  dry  clay  is  loosely  deposited 
behind  the  wall  it  will  exert  full  pressure,  due  to  this  condition.  In  time  the  earth  may  become 
consolidated  and  cohesion  and  moisture  make  a  solid  clay,  which  may  cause  the  bank  to  shrink 
away  from  the  wall  and  there  will  be  no  pressure  exerted.  On  the  •ther  hand  all  cohesion  may 
be  destroyed  by  the  vibration  of  moving  loads  or  by  saturation,  and  the  maximum  theoretical 
pressures  may  occur.  The  pressures  due  to  a  dry  granular  mass,  a  semi-fluid,  without  cohesion, 
of  indefinite  extent,  the  particles  held  in  place  by  friction  on  each  other,  will  be  considered.  The 
effect  of  cohesion  and  of  limiting  the  extent  of  the  mass  is  considered  in  the  author's  "The  Design 
of  Walls,  Bins  and  Grain  Elevators." 

Nomenclature. — ^The  following  nomenclature  will  be  used: 

^  ~  the  angle  of  repose  of  the  filling. 

4>  »  the  angle  of  friction  of  the  filling  on  the  back  of  the  wall. 

B  »  the  angle  between  the  back  of  the  wall  and  a  horizontal  line  passing  through  the  heel  of  the 
wall  and  extending  from  the  back  into  the  fill. 

9  *"  angle  of  surcharge,  the  angle  between  the  surface  of  the  filling  and  the  horizontal;  6  is 
positive  when  measured  above  and  negative  when  measured  below  the  horizontal. 

s  ~  the  ai^le  which  the  resultant  earth-pressure  makes  with  a  normal  to  the  back  of  the  wall. 

X  B  the  angle  between  the  resultant  thrust,  P,  and  a  horizontal  line. 

A  ~  the  vertical  height  of  the  wall  in  feet. 

d  *-  the  width  of  the  base  of  the  wall  in  feet. 

&  ->  the  distance  from  the  center  of  the  base  to  the  point  where  the  resultant  pressure,  £,  cuts 
the  base. 

P  B  the  resultant  earth-pressure  per  foot  of  length  of  wall. 

£  »  the  resultant  of  the  earth-pressure  and  the  weight  of  the  walL 

V  a  the  weight  of  the  filling  per  cubic  foot. 

W  —  the  total  weight  of  the  wall  per  foot  of  length  of  wall. 

Pi  ^  the  presstue  on  the  foundation  due  to  direct  pressure. 

Pt  a  the  pressure  on  the  foundation  due  to  bendii^  moments. 

P  a  the  resultant  pressure  on  the  foundation  due  to  direct  and  bending  forces. 

y  a  the  depth  of  foundation  below  the  earth  surface. 

Calcnlatioii  of  the  Pressure  on  Retaining  Walls. — ^To  fully  determine  the  pressure  of  the 
filling  on  a  retaining  wall  it  is  necessary  that  the  resultant  of  |he  pressure  be  known  (a)  in  amount, 
{b)  in  line  of  action,  and  (c)  in  point  of  application.  Many  theories  have  been  proposed  for 
finding  the  pressure,  each  differing  somewhat  as  to  the  assumptions  and  results.  All  theories 
for  the  design  of  retaining  walls  that  have  any  theoretical  basis  come  in  two  classes:  (i)  the  Theory 
of  Conjugate  Pressures,  due  to  Rankine,  and  commonly  known  as  Rankine's  Theory,  and  (2) 
the  Theory  of  the  Maximum  Wedge,  probably  first  proposed  by  Coulomb,  and  commonly  known 
as  Coulomb's  Theory.  Rankine's  Theory  determines  the  thrust  in  amount,  in  line  of  action,  and 
in  point  of  application.  In  Coulomb's  Theory,  with  the  exception  of  Weyrauch's  solution,  the 
line  of  action  and  point  of  application  must  be  assumed,  thus  leading  to  numerous  solutions  of 
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more  or  less  merit.  All  solutions  based  on  the  theory  of  the  wedge  assume  that  the  resultant 
thrust  is  applied  at  one-third  the  height  for  a  wall  with  a  level  or  inclined  surchaig:e,  as  is  given 
by  Rankine;  but  the  resultant  is  assumed  as  making  angles  with  a  normal  to  the  back  of  the 
wall  varying  from  zero  to  the  angle  of  repose  of  the  filling.  In  Rankine's  solution  the  resultant 
pressure  is  parallel  to  the  plane  of  the  surcharge  for  a  vertical  wall  with  a  level  or  positive  surcharge. 

(i)  RANEINE'S  THEORY. — In  this  theory  the  filling  is  assumed  to  consist  of  an  incom- 
pressible, homogeneous,  granular  mass,  without  cohesion,  the  particles  are  held  in  position  by 
friction  on  each  other;  the  mass  being  of  indefinite  extent,  having  a  plane  top  surface,  resting 
on  a  homogeneous  foundation,  and  being  subjected  to  its  own  weight.  The  principal  and  conju- 
gate stresses  in  the  mass  are  calculated,  thus  leading  to  the  ellipse  of  stress.  In  the  analysis  it 
is  proved  (a)  that  the  maximum  angle  between  the  pressure  on  any  plane  and  the  normal  to 
the  plane  is  equal  to  the  angle  of  internal  friction,  and  (b)  that  there  is  no  active  upward  component 
of  stress  in  a  granular  mass.  Both  of  these  laws  have  been  verified  by  experiments  on  semi- 
fluids.  Rankine  deduced  algebraic  formulas  for  calculating  the  resultant  pressure  on  a  vertical 
wall  with  a  horizontal  surcharge,  and  on  a  vertical  wall  with  a  surcharge  equal  to  6,  an  angle 
equal  to  or  less  than  the  angle  of  repose.  The  general  case  is  best  solved  by  constructing  the 
ellipse  of  stress  by  graphics,  or  Weyrauch's  algebraic  solution  may  be  used.  The  author  has 
extended  Rankine's  solution  in  "The  Design  of  Walls,  Bins  and  Grain  Elevators,"  so  that  it  is 
perfectly  general. 

Rankine's  Formulas. — ^With  a  vertical  wall  and  a  horizontal  surchai^ge,  Fig.  i,  the  total 
resultant  pressure  is 

I  —  «n  0 


P  -  Jw.A« 


I  +  sin^ 


(I) 


where  w  is  the  weight  of  the  filling  in  lb.  per  cu.  ft.,  A  is  the  depth  of  the  wall  in  feet,  ^  is  the  angle 
of  repose  of  the  filling,  and  P  is  the  resultant  pressure  on  the  wall  in  pounds.  The  resultant 
pressure,  P,  will  be  horizontal. 


Fig.  I. 


For  a  vertical  wall  with  surcharge  at  an  angle  6,  Fig.  2,  the  pressure  b  given  by  the  formula 

(2) 


p  »  Jw«/j*»cos  a 


COS  6  —  Vcos*  a  —  oos^  ^ 


COS  a  H-VcOS^a  —  008^^ 


Where  a  is  equal  to  ^,  formula  (2)  becomes 

P  -  Jw/j'cos^ 


(3) 


The  resultant  pressure,  P,  is  parallel  to  the  inclined  top  surface  for  a  vertical  wall  with  a  level 
or  a  positive  surcharge  (many  authors  have  incorrectly  assumed  that  the  resultant  pressure  is 
always  parallel  to  the  top  surface  of  the  surcharged  filling). 

Indined  Retaining  Wall. — ^The  pressure  on  an  inclined  retaining  wall  may  be  calculated  by 
means  of  the  ellipse  of  stress — see  the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 
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The  pressure  on  an  inclined  retaining  wall  may  also  be  calculated  by  means  of  the  graphic  solution 
shown  in  Fig.  3  if  the  direction  of  the  thrust  be  known.  From  Rankine's  theory  we  know  that 
the  resultant  pressure  on  a  vertical  retaining  wall  is  always  parallel  to  the  top  surface  where  the 
surcharge  is  level  or  is  inclined  upwards  away  from  the  wall.  The  pressure  on  a  retaining  wall 
inclined  away  from  the  filling  may  then  be  calculated  as  follows: 


Fig.  3.    Pressure  on  an  Inclined  Retaining  Wall. 


In  Fig.  3  the  retaining  wall  ACDB  sustains  the  pressure  of  a  filling  having  an  angle  of  repose 
0,  and  sloping  up  away  from  the  top  of  the  wall  at  an  angle  d.  Calculate  P'  the  pressure  on  the 
plane  EnB  by  means  of  fqrmula  (2).  P'  acts  at  a  point  iEB  above  B  and  is  parallel  to  the 
top  surface  DE.  Let  the  weight  of  the  triangle  of  filling  DBE  be  G,  which  acts  through  the 
center  of  gravity  of  the  triangle  and  intersects  P'  at  point  0.  Then  Ps,  the  resultant  of  P' 
and  G,  will  be  the  resultant  pressure  at  0,  and  makes  an  angle  z  with  a  normal  to  the  back  of  the 
wall,  and  an  angle,  X  —  tf  +  s  —  90**  with  the  horizontal. 

(2)  COULOMB'S  THBORT. — In  this  theory  it  is  assumed  that  there  is  a  wedge  having 
the  wall  as  one  side  and  a  plane  called  the  plane  of  rupture  as  the  other  side,  which  exerts  a  maxi- 
mum thrust  on  the  wall.  The  plane  of  rupture  lies  between  the  angle  of  repose  of  the  filling  and 
the  back  of  the  wall.  It  may  coincide  with  the  plane  of  repose.  For  a  wall  without  surcharge 
(horizontal  surface  back  of  the  wall)  and  a  vertical  wall  the  plane  of  rupture  bisects  the  angle 
between  the  plane  of  repose  and  the  back  of  the  wall.  This  theory  does  not  determine  the  direc- 
tion of  the  thrust,  and  leads  to  many  other  theories  having  assumed  directions  for  the  resultant 
pressure. 

Algebfaic  Method. — In  Fig.  4,  the  wall  with  a  height  h,  slopes  toward  the  earth,  being  in- 
clined to  the  horizontal  at  an  angle  0,  and  the  earth  has  a  surcharge  with  slope  0,  which  is  not 
greater  than  ^,  the  angle  of  repose.  It  is  required  to  find  the  pressure  P  against  the  retaining 
wall,  it  being  assumed  that  the  resultant  pressure  makes  an  angle  s  with  the  back  of  the  wall. 

It  is  assumed  that  the  triangular  prism  of  earth  above  some  plane,  the  trace  of  which  is  the 
line  A  E,  will  produce  the  maximum  pressure  on  the  wall  and  on  the  earth  below  the  plane,  and 
that  in  turn  the  prism  will  be  supported  by  the  reactions  of  the  wall  and  the  earth.  Let  OW 
represent  the  weight  of  the  prism  ABE,  the  length  of  the  prism  being  assumed  equal  to  unity, 
let  OP  be  the  reaction  of  the  wall,  and  OR  be  the  reaction  of  the  earth  below. 

Now  the  forces  OW,  OP,  and  OR  will  be  concurrent  and  will  be  in  equilibrium;  OP  and  OR 
will  therefore  be  components  of  OW,    When  the  prism  ABE  is  just  on  the  point  of  moving  OP 
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will  make  an  angle  with  a  normal  to  the  back  of  the  wall  equal  to  s  (different  authorities  assyme 
values  of  z  from  zero  to  ^',  the  angle  of  friction  of  earth  on  masonry,  or  ^,  the  angle  of  repose  of 
earth);  while  OR  will  make  an  angle  with  the  normal  to  the  plane  of  rupture  AE  equal  to  ^. 
Let  P  represent  the  pressure  OP  against  the  wall,  W  represent  the  weight  of  the  prism  of  earth, 
and  w  the  weight  per  cu.  ft. 


Fig.  4. 

In  the  triangle  OWR  angle  WOR  =  «  -  ^,  and  angle  ORW  -^  +  ^+s-«.  Through  E 
draw  EN,  making  the  angle  AEN  -(?  +  ^4-«  —  x  with  AE.  Then  the  triangle  AEN  is 
similar  to  triangle  ORW,  and 


P^ 

W 


EN 
AN' 


and 


P^W 


EN 


But  W  equals  warea  triangle  ABE 

P  -  Jw'sin  {$  —  «) 


AN 
^'AB*BE*An  ($  —  a),  and 
AB'BE'EN 


AN 


.(4) 


Now  P  varies  with  the  angle  x,  and  will  have  a  maximum  value  for  some  value  of  «,  which 
may  be  found  by  differentiating  (4)  and  placing  the  result  equal  to  zero. 
Differentiating  and  substituting  in  (4)  and  reducing  we  have 

sin*  (e  ~  4) 


P  -  iw'h* , 

•  •  n    •    /ii  I    \  f  ,  j^     /sin  («  +  ^)*8in  (^  —  5)  V 

sm*  B'Sin  (tf  +  «)  I    i  +  -v   -    )^        (    .    /I ^  I 

^  \  >  sm  (d  +  s)'sm  (d  —  a)  / 

which  is  the  general  formula  for  the  pressure  on  a  retaining  wall. 

Now  if  s  in  (5)  is  made  equal  to  ^',  the  angle  of  repose  of  earth  on  the  wall, 

sin*  ($  -  ») 


P  «  iw'h* 


sin.(^.sin(^  +  ^')(i  +^|'^tlt:^:^"^t''J.Y 


(5) 
(6) 

(7) 


which  is  Cain's  formula  (20)  in  another  form. 
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If  s  in  (5)  18  made  equal  to  i,  and  B  made  equal  to  90^ 

C08*  ^ 


iw-i^ 


cosd 


(■W 


sin  (»  +  g)-8m  (»  — 


coe^d 


I.)- 


which  is  Ranldne's  formula  (2)  in  another  form. 
If  s  in  (5)  is  made  equal  to  zero, 


sin  ^'sin  (^  —  6) 


\      '    \  sm^-sm 

which  gives  the  normal  pressure  on  a  wall. 
If  ^  in  (9)  -  90% 

n  1         T.«  COS*  ^ 


(»-g)V 

(^  -  « ; 


If  a  in  (10)  -  o*. 

P  -  Jw*« 


cos*^ 


sin  ^'sin  (^  —  g) 
cos  d 


)* 


(I  +  sin  ^)»  • 
lw.*«  tan«  (45**  -  M 
I  —  sin  ^ 


-iw-A* 


I  +  sin  ^ 


(8) 


(9) 


(10) 


(II) 
(la) 


which  is  Raoldne's  formula  (i)  for  a  vertical  wall  without  surcharge. 

OrapUc  Mediod. — If  the  angle  s,  the  angle  between  the  back  at  the  waU  and  a  normal  to 
the  wall,  is  known,  the  resultant  pressure  on  a  wall  may  be  calculated  by  a  graphic  method, 
F^.  5,  based  on  the  "theory  of  a  wedge  of  maximum  thrust."  The  graphic  method  will  be 
described — the  ptoai  of  the  method  is  given  in  "The  Design  of  Walls,  Bins  and  Grain  Elevators." 


.^<5"l 


b: 


-e^z 


>' 


\9*f9cC' 


C/V 


XW 


/ 


\  / 

\  / 

C 
Fig.  5. 


In  Fig.  5  the  retaining  wall  A  B  sustains  the  pressure  of  the  filling  with  a  surcharge  J  and 
an  angle  of  repose  ^.     It  is  required  to  calculate  the  resultant  pressure  P. 

The  graphic  solution  is  as  follows:  Through  B  in  Fig.  5  draw  BM  making  an  angle  with  BF^ 
the  normal  to  AD,  equal  to  X  «  9  +  s  —  90^,  the  angle  that  P  makes  with  the  horizontal.    With 
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diameter  AD  describe  arc  A  CD.  Draw  MC  normal  to  AD  and  with  A  as  a,  center  and  a  radius 
A C  describe  arc  CN.  Then  AN  ^y,  AM  -  6  and  y  -  -^^.  Draw  EN  parallel  to  BM. 
With  iV  as  a  center  and  radius  EN^  describe  arc  ES.  Then  AEib  the  trace  of  the  plane  of 
rupture,  and  P  —  area  SEN'W, 

Cain's  Formulas,* — Professor  William  Cain  assumes  that  the  angle  s  is  equal  to  ^\  the 
angle  of  friction  of  the  filling  on  the  back  of  the  wall.     By  substituting  in  (5)  we  have  for  a 

Vertical  Wall  With  Level  Surface,  5  »  o. 


where 


^-*'H^)'d7  '■* 


„  ^     /sin  (»  +  »0-8in» 


cos^' 
If  ^  B  if,\  then  n  —  vTsin  ^,  and 

(i  +  sm  ^y  2)« 
If  ^'  -  o,  then 

P-iw.A».tan«(45"-j)  (15) 

Vertical  Wall  With  Surcharge  -  S. 


where 

If  a  -  *, 

If  0'  -  o,  and  J  B  ^, 


+  »0'»in(»-a) 
cos  ^'•cos  8 


P'iw'Jfi'Co^^  (18) 

Inclined  WaU  With  Horitonial  Surface. 


where 


^-^H^F^y^^WTT)  <'»> 


where 


Vsin  (»  +  0O'8in» 
8in(0' +  tf)-sin^ 

Inclined  WaU  With  Surcharge  -  8. 


VMn  (»  +  »0'8in  (»  —  8) 
sin(0'+tf)-sin(d-«) 


Wall  ^th  Loaded  Filling. — In  Fig.  6,  the  filling  is  loaded  with  a  uniformly  distributed  load. 
Calculate  hi  by  dividing  the  loading  per  sq.  ft.  by  to.  Let  A  +  Ai  ■■  H.  Then  the  resultant 
pressure  for  a  wall  with  height  H,  will  be 

Pi"  iW'H*'K  (21) 

and  the  resultant  pressure  for  a  wall  with  height  hu  will  be 

Pi  -  iw.*i«-iS:  {22) 

*  Professor  Rebhann  makes  the  same  assumptions  and  uses  the  graphic  method  of  Fig.  5. 
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The  pressure  on  the  wall  AD  will  be 

P~P2-Pi-  Jw(fl»  -  hi*)K  (23) 

and  the  point  <^  application  is  through  the  center  of  gravity  of  ADGE,  which  makes 

^       .  H>  +H-hi  -  ahi*  .    . 


^^ 


Fig.  6. 

Walls  ^th  Negative  Surcharge.— -For  the  calculation  of  the  pressures  on  retaining  walls  with 
negative  surch^irge,  t  negative,  see  the  author's  "  The  Design  of  Walls,  Bins  and  Grain  Elevators," 
second  edition. 

STABILTTT  OF  RSTAINING  WALLS.— A  retaining  wall  must  be  stable  (i)  against 
overturning,  (2)  against  sliding,  and  (3)  against  crushing  the  masonry  or  the  foundation. 

The  factor  of  safety  of  a  retaining  wall  is  the  ratio  of  the  weight  of  a  filling  having  the  same 
angle  of  internal  friction  that  will  just  cause  failure  to  the  actual  weight  of  the  filling.  For  a 
factor  of  safety  of  2  the  wall  would  just  be  on  the  point  of  failure  with  a  filling  weighing  twice 
that  for  which  the  wall  is  built. 

1.  Overturning. — In  Fig.  7,  let  P,  represented  by  OP',  be  the  resultant  pressure  of  the  earth, 
and  W,  represented  by  OW,  be  the  weight  of  the  wall  acting  through  its  center  of  gravity.  Then 
£,  represented  by  OR,  will  be  the  resultant  pressure  tending  to  overturn  the  wall. 

Draw  OS  through  the  point  A,  For  this  condition  the  wall  will  be  just  on  the  point  of 
overturning,  and  the  factor  of  safety  against  overturning  will  be  unity.  The  factor  of  safety 
for  £  -  Oie  wiU  be 

/.  -  SWIRW  (25) 

2.  SUding. — In  Fig.  7  construct  the  angle  Hi  G  equal  to  ^',  the  angle  of  friction  of  the  masonry 
on  the  foundation.  Now  if  E  passes  through  i,  and  takes  the  direction  OQ,  the  wall  will  be  on 
the  point  of  sliding,  and  the  factor  of  safety  against  sliding,  /«,  will  be  unity.  For  E  »  OR,  the 
factor  of  safety  against  sliding  will  be 

/.  -  QM'IRM  (26) 

Retaining  walls  seldom  fail  by  sliding. 
The  factor  of  safety  against  sliding  is  sometimes  given  as 

p 
/•  -  g  tan  ^'.  (27) 

where  H  is  the  horizontal  component  of  P.    Equations  (26)  and  (27)  give  the  same  values  only 
where  the  resultant  P  is  horizontal. 

3.  Crusliing. — In  Fig.  7  the  load  on  the  foundation  will  be  due  to  a  vertical  force  F,  which 
produces  a  uniform  stress,  pi  =  F/d,  over  the  area  of  the  base,  and  a  bending  moment  -  F-b, 
which  produces  compression,  pi,  on  the  front  and  tension,  pi,  on  the  back  of  the  foundation. 
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The  sum  of  the  tensile  stresses  due  to  bending  must  equal  the  sum  of  the  compressive  stresses, 
B  iPtd.  These  stresses  act  as  a  couple  through  the  centers  of  gravity  of  the  stress  triangles  on 
each  aide,  and  the  resisting  moment  is 

M'  ^iP2'd'ld'iPt'd^  (28) 


I 


.a 

Jt5 


Fig.  7 


i5> 


Fig.  8. 


and 


But  the  resisting  movement  equals  the  overturning  moment,  and 


The  total  stress  on  the  foundation  then  is 


P^pi^pi^  Pi{t  *  66/(0 


(29) 


(30) 


Now  if  6  »  id,  we  will  have 


p  =  2pu    or    o. 


In  order  therefore  that  there  be  no  tension,  or  that  the  compression  never  exceed  twice  the 
average  stress,  the  resultant  should  never  strike  outside  the  middle  third  of  the  base. 

If  the  resultant  strikes  outside  of  thd*  middle  third  of  a  wall  in  which  the  masonry  can  take 
no  tension,  the  load  will  all  be  taken  by  compression  and  can  be  calculated  as  follows: 

In  Fig.  8  the  resultant  F  will  pass  through  the  center  of  gravity  of  the  stress  diagram,  and 
*will  equal  the  area  of  the  diagram. 

F  -  h-a 
and 


2F 


(31) 


which  gives  a  larger  value  of  p  than  would  be  given  if  the  masonry  could  take  tension. 

General  Principles  of  Design. — The  overturning  moment  of  a  masonry  retaining  wall  of 
gravity  section  depends  upon  the  weight  of  the  filRng,  the  angle  of  internal  friction  of  the  filling, 
the  surcharge,  and  the  height  and  shape  of  the  wall.    The  resistins;  moment  depends  upon  the 
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weight  of  the  masonry,  the  width  of  the  foundation,  and  the  cross-section  of  the  wall.  The  most 
economical  section  for  a  masonry  retaining  wall  is  obtained  when  the  back  slopes  toward  the 
filling.  In  cold  localities,  however,  this  form  of  section  may  be  displaced  by  heaving  due  to  the 
action  of  frost,  and  it  is  usual  to  build  retaining  walls  with  a  slight  batter  forwards.  The  front  of 
the  wall  is  usually  built  with  a  batter  of  from  i  in.  to  i  in.  in  12  in.  In  order  to  keep  the  center 
of  gravity  of  the  wall  back  of  the  center  of  the  base  it  is  necessary  to  increase  the  width  of  the 
wall  at  the  base^by  adding  a  projection  to  the  front  side.  Where  the  wall  is  built  on  the  line 
of  a  right  of  way  it  is  sometimes  necessary  to  increase  the  width  of  the  base  by  putting  the  pro- 
jection on  the  rear  side,  making  an  L-shaped  wall.  The  weight  of  the  filling  upon  the  base  and 
back  of  the  wall  adds  to  the  stability  of  the  wall.  Where  the  wall  is  built  to  support  an  em- 
bankment expensive  to  excavate,  it  is  often  economical  to  make  the  wall  L-shaped,  with  ah  the 
projection  on  the  front  side. 

In  calculating  the  thrust  on  retaining  walls  great  care  must  be  exercised  in  selecting  the 
proper  values  of  w  and  ^,  and  the  conditions  of  surcharge.  It  will  be  seen  from  the  preceding 
discussion  that  the  value  of  the  thrust  increases  very  rapidly  as  ^  decreases,  and  as  the  surcharge 
increases.  Where  the  wall  is  to  sustain  an  embankment  carrying  a  railroad  track,  buildings, 
or  other  loads,  a  proper  allowance  must  be  made  for  the  surcharge. 

The  filling  back  of  the  wall  should  be  deposited  and  tamped  in  approximately  horizontal 
layers,  or  with  layers  sloping  back  from  the  wall;  and  a  layer  of  sand,  gravel  or  other  porous 
material  should  be  deposited  between  the  filling  and  the  wall,  to  drain  the  filling  downwards. 
To  insure  drainage  of  the  filling,  drains  should  be  provided  back  of  the  wall  and  on  top  of  the 
footing,  and  "weep-holes"  should  be  provided  near  the  bottom  of  the  wall  at  frequent  intervals 
to  allow  the  water  to  pass  through  the  wall.  With  walls  from  15  to  25  ft.  high,  it  is  usual  to  use 
"weepers"  4  in.  in  diameter  placed  from  15  to  20  ft.  apart.  The  "weepers"  should  be  connected 
with  a  longitudinal  drain  in  front  of  the  wall.  The  filling  in  front  of  the  wall  should  also  be 
carefully  drained. 

,  The  permissible  point  at  which  the  resultant  thrust  may  strike  the  base  of  the  foundation 
will  depend  upon  the  material  upon  which  the  retaining  wall  rests.  When  the  foundation  is 
solid  rock  or  the  wall  is  on  piles  driven  to  a  good  refusal,  the  resultant  thrust  may  strike  slightly 
outside  the  middle  third  with  little  danger  to  the  stability  of  the  wall.  When  the  retaining  wall, 
however,  rests  upon  compressible  material  the  resultant  thrust  should  strike  at  or  inside  the  center 
of  the  base.  Where  the  resultant  thrust  strikes  outside  of  the  center  of  the  base,  any  settlement 
of  the  wall  will  cause  the  top  to  tip  forward,  causing  unsightly  cracks  and  local  failure  in  many 
cases,  and  total  failure  where  the  settlement  is  excessive.  Where  extended  footings  are  used  it 
may  be  necessary  to  use  some  reinforcing  steel  to  prevent  a  crack  in  the  footing  in  line  with  the 
face  of  the  wall. 

Plain  masonry  walls  should  be  built  in  sections,  the  length  depending  upon  the  height  of  the 
wall,  the  foundation  and  other  conditions. 

Under  usual  conditions  the  length  of  the  sections  should  not  exceed  40  ft.,  30  ft.  sections 
being  preferable,  and  in  no  case  should  the  length  of  the  section  exceed  about  three  times  the 
height.  Separate  sections  should  be  held  in  line  and  in  elevation,  either  by  grooves  in  the  masonry 
or  by  means  of  short  bars  placed  at  intervals  in  the  cross-section  of  the  wall,  fastened  rigidly  in 
one  section  and  sliding  freely  in  the  other.  The  back  of  the  expansion  joints  should  be  water- 
proofed with  3  or  4  layers  of  burlap  and  coal  tar  pitch.  The  burlap  should  be  about  30  in.  wide, 
and  the  pitch  and  the  burlap  should  be  applied  as  on  tar  and  gravel  roofs.  The  joints  between 
the  sections  of  a  retaining  wall  on  the  front  side  should  be  from  i  to  }  of  an  in.  in  width,  and 
should  be  formed  by  a  V-shaped  groove  made  of  sheet  steel  and  fastened  to  the  forms  while  the 
concrete  is  being  placed.  Where  there  is  danger  of  the  water  in  the  filling  percolating  through 
the  wall  or  in  an  alkali  country,  the  surface  of  the  back  of  the  wall  should  be  coated  with  a  water- 
proof coating.  The  most  satisfactory  waterproof  coating  known  to  the  author  is  a  coal  tar 
paint  made  by  mixing  refined  coal  tar,  Portland  cement  and  kerosene  in  the  proportions  of  16 
parts  refined  coal  tar,  4  parts  of  Portland  cement  and  3  parts  of  kerosene  oil.    The  Portland 
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cement  and  kerosene  should  be  mixed  thoroughly  and  the  coal  tar  then  added.  In  cold  weather 
the  coal  tar  may  be  heated  and  additional  kerosene  added  to  take  account  of  the  evaporation. 
This  paint  not  only  covers  the  surface  but  combines  with  it,  so  that  two  or  three  coats  are  some- 
times required.  While  the  surface  of  the  concrete  should  be  dry,  coal  tar  paint  will  adhere  to 
moist  or  wet  concrete.  In  building  retaining  walls  in  sections,  the  end  of  the  finished  section  should 
be  coated  with  coal  tar  paint  to  prevent  the  adhesion  to  the  next  section. 

For  methods  of  waterproofing  masonry,  see  methods  of  waterproofing  bridge  floors  in  Chap- 
ter XV. 

DESIGN  OF  RSTAINING  WALLS.— The  design  of  masonry  retaining  walls  will  be 
illustrated  by  the  design  of  the  retaining  walls  for  West  AJameda  Avenue  Subway,  taken  from 
the  author's  "The  Design  of  Walls,  Bins  and  Grain  Elevators,"  second  edition. 

Design  of  Retaining  Walls  for  West  Alameda  Aventte  Subway,  Denver,  Colorado.— The 
height  of  the  walls  varied  from  8  ft.  to  29  ft.  3  in.,  while  the  foundation  soil  varied  from  a  compact 
gravel  to  a  mushy  clay.  The  design  of  the  maximum  section,  which  rests  on  a  compact  gravel, 
will  be  given.  The  concrete  was  mixed  in  the  proportion  of  i  part  Portland  cement,  3  parts  sand 
and  5  parts  screened  gravel.  Crocker  and  Ketchum,  Denver,  Colo.,  were  the  consulting  engineers. 
The  wall  is  shown  in  Fig.  9  and  in  Fig.  10. 

The  following  assumptions  were  made:  Weight  of  concrete,  150  lb.  per  cu.  ft.;  weight  of 
filling,  w  »  100  lb.  per  cu.  ft.;  angle  of  repose  of  filling,  1}  :  i  (0  »  33^  40');  surcharge,  600  lb. 
per  sq.  ft.,  equivalent  to  6  ft.  of  filling;  maximum  load  on  foundation,  6,000  lb.  per  sq.  ft. 

Solution. — ^After  several  trials  the  following  dimensions  were  taken:  Width  of  coping  2  ft. 
6  in.,  thickness  of  coping  i  ft.  6  in.,  batter  of  face  of  wall  }  in.  in  13  in.,  batter  of  back  of  wall 
3}  in.  in  12  in.,  width  of  base  15  ft.  2}  in.  (ratio  of  base  to  height  »  0.52),  front  projection  d 
base  4  ft.,  other  dimensions  as  shown  in  Fig.  9.  The  calculations  were  made  for  a  section  of  the 
wall  one  foot  in  length. 

The  property  back  of  the  wall  will  probably  be  used  for  the  storage  of  coal,  etc.,  and  it  was 
assumed  that  the  surcharge  came  even  with  the  back  edge  of  the  footing  of  the  wall.  The  resultant 
pressure  of  the  filling  on  the  plane  ^4-2  was  calculated  by  the  graphic  method  of  Fig.  5  and  Fig.  6, 
and  was  found  tohe  P'  ^  17,290  lb.  The  weight  of  the  filling  in  the  wedge  back  of  the  wall  is 
W  —  16,435  lb.,  acting  through  the  center  of*  gravity  of  the  filling.  The  resultant  of  P*  and 
TT'  is  P  «  23,850  lb.  a  the  resultant  pressure  of  the  filling  on  the  back  of  the  wall.  The  weight 
of  the  masonry  is  PT  »  33,144  lb.,  acting  through  the  center  of  gravity  of  the  wall,  and  the  re- 
sultant of  P  and  W  is  E  »  52,510  lb.  "■  the  resultant  pressure  of  the  wall  and  the  filling  upon 
the  foundation.  The  vertical  component  of  £  is  F  »■  49,580  lb.,  and  cuts  the  foundation,  &  »  2.1 
ft.  from  the  middle. 

1.  Stability  Against  Overturning, — ^The  line  OD  in  this  case  is  nearly  parallel  to  the  line  QW 
which  brings  the  point  S  in  Fig.  9  at  a  great  distance  from  the  point  W.  The  factor  of  safety 
against  overturning  was  calculated  on  the  original  drawing  and  found  to  be  /o  >  25. 

2.  Stability  Against  Sliding. — ^The  coefiicient  of  friction  of  the  masonry  on  the  footing  will 
be  assumed  to  be  tan  0'  —  0.57  and  ^'  —  30®.  Through  0,  Fig.  9,  draw  OQ,  cutting  the  base  of 
wall  sA  at  6,  and  making  an  angle  it>'  «  30**  with  a  vertical  line  through  6.  Then  the  factor  of 
safety  against  sliding  will  be 

/.  «  QHT/RM  «  2.5 

This  is  ample  as  the  resistance  of  the  filling  in  front  of  the  toe  will  increase  the  resistance 
against  sliding. 

3.  Stability  Against  Crushing, — In  Fig.  9  the  direct  pressure  will  be  /»i  »  49,580/15.21 
«  3,220  lb.  per  sq.  ft. 

The  pressure  due  to  bending  will  be 
^  .  db  6F'bld^  •-  *  (6  X  49,580  X  2.i)/23i.4  «  «*»  2,700  lb.  per  sq.  ft.,  and  the  maximum 
pressure  is 

p  -  3,220  +  2,700  «  +  5,920  lb.  per  sq.  ft. 
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and  tlie  fninimum  pressure  is 

p  =  3,220  —  2,700  -  +  520  lb.  per  sq.  ft. 

The  allowable  pressure  was  6,000  lb.  per  sq.  ft.,  so  that  the  pressure  is  safe  for  a  compact  graveL 
Where  the  walls  were  supported  on  the  mushy  clay  it  was  necessary  to  extend  the  projection  of 
the  f ootiiis  on  the  front  side  and  to  bring  the  resultant  F  to  the  center  of  the  wall. 


^d — 


£      Si/rchargu-i  D 


F'tSS} 


Fig.  9.    Retaining  Wall,  Wbst  Alameda  Avenue  Subway. 

4.  Upward  Pressure  on  Front  ProjecHon  of  Foundation, — ^Where  projections  are  used  on  the 
foundations  of  retaining  walls  it  may  be  necessary  to  reinforce  the  base  to  prevent  the  projection 
breakins  ^  ^  ^i^^  ^^^  ^^®  ^^^ce  of  the  wall.  The  bending  moment  of  the  upward  pressure  about 
the  front  face  of  the  wall  from  Fig.  9  is 

Af  "  i(5»920  +  4,120)  X  4  X  2.1  X  12 
«  506,000  in-lb. 

The  tension  on  the  concrete  at  the  bottom  of  the  footing  will  be 

/  -  M'cH  -  M'dl2l  -  {506,000  X  27)/i57464 
—  88  lb.  per  sq.  in. 

Since  the  ultimate  strength  of  the  concrete  in  tension  is  approximately  200  lb.  per  sq.  in.. 
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no  reinforcing  is  required.    However,  }  in.  □  bars  were  placed  i8  in.  centers  and  3  in.  from  the 
bottom  of  the  foundation. 

Data. — ^The  coefficients  of  friction  of  various  materials  are  given  in  Table  I.  The  angles  of 
repose  of  different  materials  are  given  in  Table  II.  The  conditions  of  surface  and  amount  of 
moisture  cause  wide  variations  in  the  coefficients.  Additional  data  for  the  design  of  retaining 
walls  are  given  in  Tables  III  to  VI. 

TABLE  I. 


Coefficients 

OF  Friction. 

Materials. 

CoeflSdentt. 

]Cra^«>i4aU 

CoefiBdents. 

Dry  masonry  on  dry  masonry 

Masonry  on   masonry  with  wet 
pnortar. 

0.6    to  0.7 

0.7S 

0.4 

0.3    to  0.7 

0.2    to  0.5 

Masonry  on  dry  clay 

0.5    to  0.6 

0.33 

0.25  to  1.0 

0.7 

0.65 

Masonrv  on  moist  clav 

Earth  on  earth 

limber  on  stone 

Hard  brick  on  hard  brick 

Concrete     blocks     on     concrete 
blocks 

Iron  on  stone 

Timber  on  timber ,..,,.. 

TABLE  II. 
AsGLBS  OF  Repose,  ^,  for  Materials. 


Materials. 

^ 

Materials. 

^ 

Earth,  loam 

30^  to  450 
250  to  35* 
300  to  45« 
150  to  30** 

Qay ' 

25«to4S- 
30®  to  40® 
25**  to  40* 
30«  to  45" 

Sand,  drv 

Gravel 

Sand,  moist 

Cinders 

Sand,  wet 

Coke 

TABLE  in. 
Allowable  Pressure  on  Foundations. 


Material. 

Soft  clay 

Ordinary  clay  and  dry  sand  mixed  with  clay 

Dry  sand  and  clay 

Hard  clay  and  firm,  coarse  sand   

Firm,  coarse  sand  and  gravel 

Bed  rock 


Preanire  hi  Tons  per  Sq.  Ft. 


1  to  2 

2  to  3 


3to^ 

lto6 

6  to  8 

15  and  up. 


TABLE  IV. 
Allowable  Pressure  on  Masonry. 


Materials. 

Pressure  in  Tons  per  Sq.  Ft. 

Common  brick,  Portland  cement  mortar 

12 

IS 
12 
20 

*5 

30 

20 

Paving  brick,  Portland  cement  mortar 

Rubble  masonry,  Portland  cement  mortar 

Sandstone,  first  class  masonry 

Limestone,  first  cIass  masonry t  ,..  r .... .    . .  - , . 

Granite,  first  class  masonrv 

Portland  cement  concrete,  1—2—4 * 

Portiand  cement  concrete,  1-3-6 
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TABLE  V. 
Weight,  Spbcific  Gravity  and  Crushing  Strength  of  Masonry. 


Material. 

Weight  in  P^unda 
per  Cubic  Foot. 

Specific  Gravity. 

Cmalilng  Strength  in 

Sandstone 

IS 

180 

i6s 

150 

140  to  150 

112 

li 

2.7 
*.? 
2.4 
2.2  to  2.4 
1.8 

4,000  to  15,000 
6,000  to  20,000 
19,000  to  33,000 
8,000  to  20,000 
8,000  to  20,000 
2,000  to    6,000 
2,500  to    4,000 

1,000  to     2,50Q 

Umestone .  .... .......,..»» ,4 

Trap 

Marble 

Granite 

Paving  brick,  Portland  cement 

Stone  concrete,  Portland  cement 

Cinder  concrete,  Portland  cement 

TABLE  VI. 
Weight  of  Different  Materials. 


TJi»*mA»lm 

Wt.  per  Cu.  Ft.,  Lb. 

Materials. 

Wt.  per  Cu.  Ft..  Lb. 

75  to    90 
90  to  100 
90  to  no 

Sand,  wet 

no  to  120 
120  to  135 
105  to  120 

Gravel 

Sand,  dry 

Soft  flowing  mud 

For  spedfications  for  ooacrete,  plain  and  reinforced,  see  Appendix  II. 
*    Szamples  of  Retaining  Walls. — Details  of  six  masonry  retaining  walls  with  a  gravity  section 
are  given  in  Fig.  10.    These  retaining  walls  represent  the  best  practice.     Details  of  four  reinforced 
concrete  retaining  walla  are  given  in  Fig.  11.     For  additional  examples  see  the  author's  "The 
Design  of  Walls,  Bins  and  Grain  Elevators." 

DBSIGN  OF  RSTAimNG  WALLS  AND  ABUTlfENTS.*— The  Committee  believes  that 
the  intelligent  use  of  theoretical  formulas  leads  to  economical  and  proper  design,  and  therefore 
recommends  that  Rankine's  formulas  which  consider  that  the  filling  is  a  granular  mass  of  indefinite 
extent,  without  cohesion,  be  used  in  the  design  of  retaining  walls.  It  is  recommended  that  retain- 
ing walls  be  designed  (a)  for  a  level  surcharge,  or  (b)  for  a  sloping  surcharge  at  the  angle  of  repose, 
or  (c)  for  a  level  surcharge  with  a  uniform  surcharge  loading.  Formulas  based  on  Rankine  are 
given  for  vertical  walls,  walls  leaning  away  from  the  filling,  and  for  walls  leaning  toward  the  filling. 

The  use  of  a  fixed  ratio  of  width  to  height  leads  to  a  neglect  of  the  distribution  of  the  pres- 
sure on  the  foundation.  This  is  a  question  of  great  importance,  since  it  is  well  established  that 
movements  from  the  original  alignment,  due  to  unequal  settlement,  form  a  defect  more  common 
than  any  other.  The  Committee  feels  that  attention  should  be  called  to  the  importance  of  making 
a  study  of  each  case  in  designing  a  wall,  particularly  of  the  weight  and  character  of  the  filling,  and 
the  amount  and  distribution  of  the  pressure  on  the  bed  of  foundations. 

DBSIGN  OF  RETAINING  WALLS.— The  following  nomenclature  is  recommended: 
^  B  the  angle  of  repose  of  the  filling. 
$  »  the  angle  between  the  back  of  the  wall  and  a  horizontal  line  passing  through  the 

heel  of  the  wall  and  extending  from  the  back  into  the  fill. 
6  "■  angle  of  surcharge,  the  angle  between  a  horizontal  line  and  the  surface  of  the  filling. 

(It  is  recommended  that  values  ol  5  »oord  »^be  used.) 
X  "■  the  angle  between  the  resultant  thrust,  P,  and  a  horizontal  line. 
h  —  vertical  height  of  the  wall  in  feet. 
k'  >■  height  of  surcharge  in  feet. 
*  Report  of  the  masonry  committee  of  American  Railway  Engineering  Association,  adopted 
March  22,  1917. 
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(DPiNN-AVE'SUBmY  RETAINim  WAU      (2)  N-Y-C-SH-R-fi-R'HETAININS  mi. 


<V4 


x'?;1j' 


(i)lLLMOis Central R*R' Retaining mLL     .^,^,      ^  ^~"   ^-^ 

*  (4)WESTA£AMEDA  fi^VENUE  SUBMAY 

^.,    ,  „  RETAiN/N6  Wall 


^"      "^  (6) Kansas  C/ty  T^rm/n/o.  RAiumY 

(5)  C*P'S[Q'R'R^RETA!Nm6  I/Vall  Retainin6  mu 

Fig.  10.    Examples  of  Masonry  Retaining  Walls. 
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5*     /'Sroand  SurFacs 


''J  ccr-  b3rs  6*f 


Section  Front  Elevation 

(OSlab  Retaining  Wall,  Illinois  Central  R^ 


All  remForcIn^  bsrs 
WM'l^/b'' y^'l  ^re  high  elastK  limit 
I* 4*^^ --^^- H   corruQ9btd rounds • 

Section  Rear  Elevation 

R*'    (^)5LA5RETAININ6iVAa,CcPRimTEDBARC0* 


,!.! 


^g;-5i 


.4.^  T- --,--.  ,-**,.!..}^ 

::t::j:!:-.:::;:=::;i:t4-   , 


3    T" 


■g&  : 


fi:  VJriviv:  lV.  : 


S3  .^t?  ^ 


1 


^.-^^5^  i^V 


::;::::-.::;-a  5'  V; 


!x*n 


\  BafSSfiictre.  C&^f^Ul:2:S'^^,l^^JiO ^  C^   j^ 


lO'O 


tn" 


Section  Front  Elevation  Section  Rear  Elevation 

(i)  Counterfort  Retaining  Wall  (4)  Counterfort  Retaining  Wau 

Ilunois  Central  R-R-  Corrugated  Bar  Co'* 

Fig.  II.    Examples  of  Reinforced  Concrete  Retaining  Walls. 
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/  »  width  of  the  base  of  the  wall  in  feet. 

e  —  distance  from  the  center  of  the  base  to  the  intersection  of  the  resultant  thrust,  E, 

and  the  base, 
a  B  //2  —  0  «  distance  from  toe  of  wall  to  intersection  of  the  resultant  thrust,  £,  and 

the  base. 
P  »  the  resultant  earth  pressure  per  foot  of  length  of  wall. 
E  »  the  resultant  of  the  earth  pressure  and  the  weight  of  the  wall. 
F  =  vertical  component  of  resultant  £. 
w  B  the  weight  of  the  filling  per  cubic  foot. 
Wi  «  the  weight  of  the  masonry  per  foot  of  length. 
W  »  total  weight  of  the  wall  per  foot  of  length. 
Pi   and   Pt  =  pressure  per  square  foot  on  the  foundation,  due  to  F,  at  toe  and  heel,  respectively. 

FormiiUui. — ^The  following  formulas  for  vertical  walls  or  for  walls  leaning  away  from  the 
filling  are  based  on  Rankine's  Theory,  as  given  in  Howe's  "Retaining  Walls,"  and  in  Ketchum's 
"Walls,  Bins  and  Grain  Elevators";  and  the  formulas  for  walls  leaning  toward  the  filling  are 
based  on  a  modification  of  Rankine's  Theory,  as  given  in  Ketchum's  "Walls,  Bins  and  Grain 
Elevators." 

For  vertical  walls  with  horizontal  surcharge  the  pressure,  P,  is  given  by  the  formula 

where  P  is  parallel  to  the  top  surface,  is  normal  to  the  wall,  and  is  applied  at  one-third  the  height 
of  the  wall  above  the  base. 

For  vertical  walls  with  a  poative  surcharge,  9,  the  pressure,  P,  is  given  by  the  formula 


»     1      w         ,  cos  a  —  ^Jcos*  6  —  co^  0  .. 

P  =  JwA*-cos5 — -  (33) 

cos  6  +  Vcos^  5  —  cos*  0 

where  P  is  parallel  to  the  top  surface  of  the  filling,  makes  an  angle  d  with  a  normal  to  the  back  of 
the  wall,  and  is  applied  at  one-third  the  height  of  the  wall  above  the  base.  Where  the  surcharge 
is  equal  to  the  angle  of  repose,  0,  formula  (33)  becomes 

P  =  JwA»-cos«  (34) 

For  a  vertical  wall  with  a  loaded  surcharge  the  resultant  pressure  on  the  back  of  the  wall 
will  be  given  by  the  formula 

^ -*«"*(* +»*')rT^J  (35) 

where  h  is  the  height  of  the  wall  and  h'  the  equivalent  height  of  surcharge,  equals  surcharge  per 
square  foot  divided  by  w,  the  weight  per  cubic  foot  of  the  filling. 

The  resultant  pressure  is  horizontal  and  is  applied  at  a  distance  from  the  base  of  the  wall 
equal  to 

y^It±j!LK  (36) 

(a)  In  calculating  the  surcharge  due  to  a  track  the  entire  load  shall  be  taken  as  distributed 
uniformly  over  a  width  of  14  feet  for  a  single  track  or  tracks  spaced  more  than  14  feet  centers, 
and  the  distance  center  to  center  of  tracks  where  tracks  are  spaced  less  than  14  feet. 

(b)  In  calculating  the  pressure  on  a  retaining  wall  where  the  filling  carries  permanent  tracks 
or  structures,  the  full  effect  of  the  loaded  surcharge  shall  be  considered  where  the  edge  of  the 
distributed  load  or  the  structure  is  vertically  above  the  back  edge  of  the  heel  of  the  wall.  The 
eflFect  of  the  loaded  surcharge  may  be  neglected  where  the  edge  of  the  distributed  load  or  the  struc- 
ture is  at  a  distance  from  the  vertical  line  through  the  back  edge  of  the  heel  of  the  wall  equal  to  K 
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Cases  4  to  6  are  for  walls  with  heels.  The  wall  may  be  vertical  or  may  lean  forward,  or  may 
lean  backward,  as  long  as  the  up^er  edge  of  the  back  of  the  wall  is  in  front  of  the  vertical  plane 
through  the  edge  of  the  heel. 

Cases  7  to  9  are  for  walls  without  heels.  Walls  with  heels  come  under  cases  4  to  6  as  long  as 
the  upper  edge  of  the  back  of  the  wall  is  in  front  of  the  vertical  plane  through  the  edge  of  the  heel; 
if  the  upper  edge  of  the  back  of  the  wall  extends  back  of  the  vertical  plane  through  the  edge  of  the 
heel,  the  problem  can  be  solved  by  combining  the  solutions  of  cases  4  to  6  and  7  to  9. 

Pressure  on  Foundations. — ^The  pressures  on  foundations  will  be  calculated  by  the  follow- 
ing formulas: 

Where  a  is  equal  to  or  greater  than  7/3. 
Pressure  at  the  toe 

/»i-(4/-6a)|  (37) 

Pressure  at  the  heel  is 

/>, -(6a-2/)|  (38) 

Where  a  is  less  than  //3,  the  pressure  at  the  toe  is 

2F 
/>!  -  ^  (39) 

Principles  for  Design  of  Retaining  Walls. — ^The  following  principles  should  be  observed 
in  the  design  and  construction  of  retaining  walls. 

1.  For  usual  conditions  of  the  filling  use  ari  angle  of  repose  of  li  to  i  (0  »  33^  42').  For 
dry  sand  or  similar  material,  a  slope  of  i  to  i  (i  =  45®)  may  be  used. 

2.  The  maximum  pressure  at  the  toe  of  the  retaining  wall  should  never  exceed  the  safe 
bearing  pressure  on  the  material  considered. 

3.  When  the  retaining  wall  rests  on  a  compressible  material,  where  settlement  may  be  ex- 
pected, the  resultant  thrust,  £,  should  strike  at  the  middle  or  back  of  the  middle  of  the  base  of  the 
wall  so  that  the  wall  will  settle  toward  the  filling  (a  ^s  or  >  7/2). 

4.  When  the  retaining  wall  rests  on  a  material  where  settlement  may  not  be  expected  the 
resultant  thrust,  £,  should  not  strike  outside  the  middle  third  of  the  base  (a  »  or  >  7/3),  except 
as  noted  in  (5)  below. 

5.  Where  the  retaining  wall  rests  on  solid  rock  or  is  carried  on  piles  the  resultant  thrust,  £, 
may  strike  slightly  outside  the  middle  third,  provided  the  wall  is  safe  against  overturning,  and  also 
provided  the  maximum  allowable  pressure  is  not  exceeded. 

6.  In  order  that  the  retaining  wall  may  be  safe  against  sliding,  the  frictional  resistance  of  the 
base,  combined  with  the  abutting  resistance  of  the  earth  in  front  of  the  wall,  must  be  greater  than 
the  horizontal  thrust  on  the  back  of  the  wall. 

7.  The  filling  back  of  the  wall  should  be  carefully  drained  so  that  the  wall  may  not  be  sub- 
jected to  hydrostatic  pressure. 

8.  The  foundation  for  a  retaining  wall  should  always  be  placed  below  frost  line. 

9.  A  careful  study  should  be  made  of  the  conditions  in  the  design  of  each  wall,  and  it  should 
be  remembered  that  no  theoretical  forpiulas  can  be  more  than  an  aid  to  the  judgment  of  the 
experienced  designer.  The  main  value  of  theoretical  formulas  is  in  obtaining  economical  pro- 
portions, in  obtaining  a  proper  distribution  of  the  stresses,  and  in  making  experience  alr^y 
gained  more  valuable. 

Problems  in  Design  of  Retaining  Walls. 
PROBLEM  z.    INVESTIGATION  OF  MASONRY  WALL. 

Problem. — Given  a  plain  masonry  retaining  wall  with  dimensions  as  shown  in  figure  in 
Problem  i  and  a  surcharge  at  an  angle  of  15°  00'.  Find  the  magnitude  and  direction  of  the 
pressure  against  the  wall,  the  unit  pressure  at  the  heel  and  toe,  and  the  factors  of  safety  against 
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sliding  and  overturning.  Use  Rankine's  Method  in  finding  the  resultant  pressure  against  the 
wail  and  check  by  Coulomb's  Method.  The  weight  of  earth  is  to  be  assumed  as  lOO  lb.  per  cu. 
ft.,  the  angle  of  repose  and  the  angle  of  friction  30°  00',  and  the  angle  of  surcharge  15^  00'. 

Solution. — ^To  find  the  pressure  against  the  wall  by  Rankine's  Method  proceed  as  follows: 
Draw  AO  parallel  to  the  surface  of  the  ground  and  at  any  convenient  point  O  \n  AO  draw  OD 
at  right  angles  to  A  O.  Draw  OM  vertical  and  locate  M  by  striking  the  arc  DM  with  O  as  a  center. 
Draw  OC  making  an  angle  ^  ^  30**  with  OD,  At  any  point  e  in  OD  describe  an  arc  tangent  to 
OC  and  cutting  OM  at  /.  Draw  ef.  Through  M  draw  MG  parallel  to  ef.  Bisect  the  angle 
DGM  and  draw  GR\    To  determine  the  semi-major  axb  of  the  ellipse  of  stress  draw  OR  parallel 


\kdl' 


i^-X  -.■■■■■I.-.4=  =». 


<  — ^/  f 


f^-JJ&s  f"-^'  r=-^ 

V,=  V-^(t9n/B*tan3'J 
a 


^-•f"   "  bjd*    '  2oJ<i 
d 


'  T^'  "bjd*   '2oJd 
d 


Fig.  14.    Stresses  in  Wedgb-Shaped  Reinforced  Concrete  Beams. 


to  GR'  and  make  0M\  ^  OG  •\r  GM.  To  determine  the  semi-minor  axis  draw  OX  perpendicular 
to  OR  and  equal  to  OG  —  GM,  To  calculate  the  unit  pressure  against  the  wall  at  A  draw  OG' 
at  right  angles  to  the  back  of  the  wall  AB  and  make  OG*  —  OG,  draw  G's  perpendicular  to  OR 
and  make  st  «  Os,  draw  G't  and  lay  off  GM'  equal  to  GM,  then  MV  acting  as  shown  is  the  inten- 
sity of  stress  at  i4.  To  determine  the  magnitude  of  this  stress  M'O  measure  its  length,  using  the 
same  scale  as  that  used  in  laying  off  the  wall,  and  multiply  this  length  by  the  weight  of  a  cubic  foot 
of  earth  (100  in  this  case)  and  the  result  will  be  the  intensity  of  pressure  at  A  measured  in  pounds 
per  sq.  ft.  on  the  surface  AB,  This  is  found  to  be  />  »  8.25  X  100  =  825  lb.  per  sq.  ft.  The 
intensity  of  pressure  at  B  is  evidently  zero  and  since  the  pressure  varies  as  the  depth  the  total 
pressure  P  against  the  back  of  the  wall  AB  will  be  ip  X  length  i4B  «  }  X  825  X  20.5  »  8,260 
lb.    The  line  of  action  of  P  is  parallel  to  OM'  and  the  angle  X  is  measured  and  found  to  be  25^  20'. 
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To  find  the  pressure  against  the  wall  by  Coulomb's  Method  proceed  as  follows:  The  pressure 
against  the  vertical  plane  AB*  must  first  be  found  and  this  pressure  combined  with  the  weight 
of  the  wedge  ABB'  to  find  the  pressure  against  AB,  This  procedure  is  necessary  because  Cou- 
lomb's method  gives  the  magnitude  of  the  pressure  but  not  its  direction,  and  since  it  is  known  that 
for  a  vertical  plane  the  pressure  is  parallel  to  the  ground  surface,  the  magnitude  and  direction  of 
the  resultant  pressure  can  be  found  by  combining  the  pressure  against  AB'  with  the  weight  of  the 
wedge  ABB\  Draw  AB'  vertical  and  AD  making  an  angle  of  ^  =»  30^  with  the  horizontal,  the 
point  D  being  the  intersection  of  this  .line,  and  the  ground  surface.  Through  B'  draw  BM  making 
an  angle  5  =  15°  with  BF  the  normal  to  AD,  Locate  O  bisecting  the  line  AD  and  with  0  as  a 
center  and  i40  as  a  radius  describe  the  semicircle  A  CD.  Draw  MC  normal  to  i4-D  and  with  A  as 
a  center  and  a  radius  A  C  describe  the  arc  CN,  Draw  EN  parallel  to  B'M.  With  iV^  as  a  center 
and  radius  EN  describe  the  arc  ES.  Then  the  total  pressure  against  AB'  is  P'  =»  area  SEN-w 
=  }  X  12.65  X  12.20  X  100  ■=  7,700  lb"  acting  at  J  the  height  AB'  above  A.  Combine  P'  with 
Wf  the  weight  of  the  wedge,  acting  through  its  centroid,  and  find  P  =  8,250,  the  resultant  pressure 
against  AB,    The  angle  X  is  measured  and  found  to  be  25®  16'. 

These  two  methods  should  give  the  same  result.  The  results  obtained  in  this  problem  are 
seen  to  check  very  closely. 

To  find  the  unit  pressure  at  the  heel  and  toe  combine  P  «  8,260  with  the  weight  of  the  wall 
W  »  14,250,  acting  through  its  centroid,  giving  the  resultant  E  »  19,230,  as  shown  in  the  problem 
under  Rankine's  Method.  This  resultant  E  cuts  the  base  at  a  distance  b  »  1.80'  from  the  center, 
which  is  outside  of  the  middle  third.  The  unit  pressure  at  the  heel  and  toe  are  found  as  shown 
under  Coulomb's  Method  and  are  o  and  6,060  pounds  per  square  foot  respectively.  The  factor  of 
safety  against  sliding  is  equal  to  QU  •*•  RU  ^  1.50,  and  against  overturning  is  SU  -i-  RU  -  2.95, 

Results. — The  results  of  this  investigation  show  that  the  wall  is  unsatisfactory,  for  the 
resultant  pressure  on  the  base  falls  outside  of  the  middle  third.  The  unit  pressures  are  not 
excessive  if  the  foundation  is  dry  sand  or  clay.  For  proof  of  construction  of  ellipse  of  stress, 
see  the  author's  Design  of  Walls,  Bins  and  Grain  Elevators. 

PROBLEM  2.    INVESTIGATION  OF  CANTILEVER  WALL. 

Problem. — Make  a  complete  investigation  of  the  reinforced  concrete  retaining  wall  with  a 
horizontal  surcharge  shown  in  Problem  2.  The  weight  of  the  wall  is  150  lb.  per  cu.  ft.  and  the 
earth  100  lb.  per  cu.  ft.    The  angle  of  repose  is  30®  00'. 

Solution. — ^The  first  step  in  the  solution  is  to  determine  the  pressure  acting  against  the  back 
of  the  wall.  This  pressure  is  found  by  combining  the  pressure  P'  against  the  vertical  plane  A'B't 
acting  at  one-third  of  the  height,  with  the  weight  W  of  the  wedge  of  earth  resting  on  the  heel 
acting  through  the  center  of  gravity  G'  of  the  wedge.    The  calculations  are  shown  on  the  problem. 

The  resultant  pressure  on  the  foundation  R  —  22,600  lb.  is  found  by  combining  the  pressure 
P  on  the  wall  with  the  weight  of  the  wall  W  acting  through  the  center  of  gravity  G,  This  resultant 
pressure  R  cuts  the  base  at  a  distance  of  «  —  1.35  ft.  from  the  center  of  the  base.  The  unit  pres- 
sure at  the  heel  and  toe  are  calculated  as  shown  and  are  517  and  2,945  lb.  per  sq.  ft.  respectively. 

The  wall  is  divided  into  three  cantilever  beams  which  must  be  investigated,  i.  e.,  the  vertical 
slab,  the  heel,  and  the  toe.  Three  sections,  A-A^  B-B  and  C-C  on  the  vertical  slab  must  be 
investigated  on  account  of  the  change  in  steel  area  at  these  sections.  The  intensity  of  stress  at 
A-A  18  p  —  W'h'k  «=  100  X  6  X  0.333  =  200  lb.  per  sq.  ft.,  where  fe  =  (i  —  sin  ^)  -^  (i  +  sin  ^), 
■■  o»333-  The  total  pressure  on  the  cantilever  above  A-A  is  Pa  ^  i  X  200  X  6  =  600  lb. 
acting  2.0  ft.  above  A-A.  These  values  are  recorded  in  the  table.  The  shear  at  A-A  is  F  »  Pi 
■=  600  lb.  The  bending  moment  at  A-A  is  M  ^  600  X  2  =  1,200  ft.-lb.  =  14,400  in.-lb.  The 
dimensions,  steel  area,  etc.,  at  this  section  are  as  given  in  the  table.  The  values  of  k  and  j  may 
be  taken  from  Fig.  2,  Chap,  XVIII,  or  from  formulas,  k  =  V/>*-»*  +  2/>-n  ^  p-n  and  j  =  1  —  1*. 
where  n  »  15.  The  unit  stresses  can  now  be  calculated  from  the  formulas  given  in  the  table  and 
are  there  recorded.    The  other  sections  of  the  vertical  slab  are  investigated  in  a  similar  manner. 
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318  RETAINING  WALLS.  Chap.  XIX. 

The  resultant  pressure  on  the  toe  is  obtained  by  subtracting  the  downward  force  due  to  the 
weight  of  the  toe  from  the  upward  force  due  to  the  foundation  pressures.  This  gives  a  resultant 
pressure  upward  as  shown  graphically  by  the  shaded  area  in  (/)  on  the  problem.  The  shear  at 
the  section  is  given  by  the  portion  of  the  shaded  area  to  the  left  of  the  section,  and  the  moment  by 
the  moment  of  this  area  about  the  section.  These  values  are  recorded  in  the  table.  The  stresses 
at  D-D  are  found  in  the  same  way  as  explained  for  A-A.  On  account  of  the  fillet  the  stresses  at 
the  section  E-E  must  be  found  by  using  the  formulas  for  wedge-shaped  beams,  Fig.  14. 

The  resultant  pressure  on  the  heel  is  obtained  by  subtracting  the  downward  force  due  to  the 
weight  of  the  heel  and  the  earth  on  the  heel  from  the  upward  force  due  to  foundation  pressures. 
This  gives  a  resultant  pressure  acting  downward  as  shown  by  the  shaded  area  in  (/ ).  The  unit 
stresses  at  F-F  and  G-G  are  found  as  in  a  similar  manner  to  that  explained  for  the  sections  D-D 
and  E-E.  In  investigating  the  section  G-G  the  horizontal  steel  was  neglected,  for  since  it  is  so 
near  the  neutral  axis  it  would  be  canying  very  little  stress,  and  the  solution  considering  this  steel 
is  quite  laborious.  The  unit  stress  in  steel  at  this  section  would  be  somewhat  less  than  the  value 
of  16,300  lb.  per  sq.  in.  given  in  the  table.  In  investigating  the  section  F-F  the  diagonal  steel 
was  neglected,  for  if  the  section  had  been  taken  a  little  to  the  right  of  its  present  position  the  steel 
would  be  so  near  the  neutral  axis  that  it  would  not  be  effective  and  the  moment  would  have  been 
reduced  but  a  small  amount. 

The  required  length  of  embedment  beyond  the  section  of  zero  moment  is  figured  for  a  stress 
of  16,000  lb.  per  sq.  in.  in  the  steel  and  a  bond  stress  of  80  lb.  per  sq.  in.  if  the  ends  are  not  hooked, 
and  120  lb.  per  sq.  in.  if  hooked. 

The  factor  of  safety  against  overturning  is  always  safe  in  this  type  of  wall.  The  factor  of 
safety  of  sliding,  neglecting  the  cut-off,  is  equal  to  the  ratio  of  V-tan  ^'  to  P  =  21,100  X  0.577 
-s- 8,067  "  1.51- 

The  percentage  of  temperature  reinforcement  in  the  vertical  slab  is  0.25  -«-  16.2  X  12  = 
0.0013,  using  the  section  B-B  as  an  average  section.  This  should  be  at  least  0.0033  ^o  conform 
to  the  best  practice. 

Results. — ^The  results  of  the  investigation  are  shown  on  the  problem.  The  wall  is  found  to 
be  satisfactory  in  every  respect  except  for  the  temperature  reinforcement. 

PROBLEM  3.    DESIGN  OF  A  CAimLEVER  RETAINING  WALL. 

Problem. — Design  a  cantilever  wall  having  a  total  height  of  20  ft.  with  tracks  spaced  14  ft. 
running  parallel  to  the  wall  and  carrying  Cooper's  E  50  loading.  The  weight  of  concrete  is  150 
lb.  per  cu.  ft.  and  of  earth  100  lb.  per  cu.  ft.  The  angle  of  repose  and  the  angle  of  internal  friction 
are  1}  to  I  (33*^  42').  The  allowable  unit  stresses  are  tension  in  steel  16,000  lb.  per  sq.  in.,  com- 
pression in  concrete  650  lb.  per  sq.  in.,  allowable  bond  stress  80  lb.  per  sq.  in.,  if  ends  of  bars  are 
not  hooked,  and  120  lb.  per  sq.  in.  if  ends  are  hooked,  n  —  15.  The  allowable  pressure  on  the 
foundations  is  2  tons  per  sq.  ft. 

Solution. — ^The  effect  of  the  train  load  may  be  taken  care  of  by  using  an  equivalent  sur- 
charge. The  axles  are  spaced  5  ft.  and  the  axle  load  is  50,000  lb.,  and  since  the  tracks  are  spaced 
14  ft.,  the  load  per  square  foot  is  50,000/(5  X  14)  =  720  lb.  This  is  equivalent  to  a  surcharge 
720  -5-  100  =  7.2  ft.  high.  A  height  of  8  ft.  will  be  used.  It  is  not  necessary  to  consider  impact 
in  figuring  the  earth  pressure  due  to  engine  loads.  Two  cases  must  be  considered:  (i)  when  the 
first  track  is  not  loaded  and  there  is  therefore  no  live  load  over  the  heel,  and  (2)  when  all  of  the 
tracks  are  loaded  and  there  is  therefore  a  live  load  over  the  heel.  The  first  case  is  usually  the 
more  severe.    See  first  part  of  this  chapter. 

The  width  of  base  which  will  make  the  resultant  pressure  on  the  base  pass  through  the  outer 
edge  of  the  middle  third  was  determined  for  Case  i  from  the  diagram  in  {c)  Fig.  4,  page  164k 
in  the  author's  "Design  of  Walls,  Bins  and  Grain  Elevators,"  for  n  =  0.4  to  be  d  »  13.7  ft. 
For  Case  2  from  diagram  (d),  for  n  =  0.4,  d  =  11.7  ft.  Case  i  gives  the  maximum  width  of 
base.     Use  d  »  14  ft. 
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320  RETAINING  WALLS.  Chap.  XIX. 

The  minimum  top  width  which  should  be  used  is  12  in.  and  for  a  wall  of  this  size  the  base 
slab  should  be  about  2  ft.  thick.  In  some  cases  it  may  be  more  economical  to  use  a  thickness  of 
12  in.  at  the  heel  and  toe  and  taper  the  base  slab  up  to  the  required  thickness  at  the  junction  of  the 
base  and  the  vertical  slab. 

In  designing  this  type  of  wall  the  section  may  be  considered  as  divided  into  three  cantilever 
beams,  i.  e.,  the  vertical  slab,  the  heel,  and  the  toe.  The  first  step  is  to  determine  the  thickness 
of  the  vertical  slab  where  it  joins  the  base.  This  section  will  be  called  C-C,  The  e£Fect  of  the 
fillet  will  be  neglected  for  this  section.  The  horizontal  pressure  on  the  vertical  slab  is  the  same 
as  on  the  portion  of  the  plane  A*B  between  C-C  and  the  top  of  the  wall.  The  unit  pressure  at  a 
depth  of  18  +  8  -  26  ft.  from  the  top  of  the  surcharge  is  /»  »  wh^k  -  100  X  26  X  0.286  »>  744 
lb.  per  sq.  ft.  The  unit  pressure  at  the  top  of  the  wall  or  8  ft.  below  the  top  of  the  surcharge  is 
/>  =  100  X  8  X  0.286  -  229.  The  total  pressure  above  the  section  C-C  is  Pe  =  §(229  +  744) 
X  18  =  8,750  lb.  per  foot  of  length  of  wall.  The  distance  from  C-C  to  the  line  of  action  of  Pc 
may  be  found  graphically  or  calculated  from  the  formula 

y  .  2aj^  ,  h  ^  2  X  229  +  744  .  18  .  ^ 

^      a  +  b     s         229  +  744         3       ^•^''"• 

where  a  and  b  are  the  bases  of  the  trapezoid  and  h  the  height.  The  values  of  Pc  and  y  are  recorded 
in  the  table.  The  shear  at  the  section  is  V  >«  P«  >«  8,750  lb.  and  the  moment  is  Af  »  8,750  X  740 
«  64,800  ft.-lb.  »  777,000  in.-lb.  Using  an  allowable  unit  shear  of  40  lb.  per  sq.  in.,  which 
corresponds  to  an  average  shear  of  35  lb.  per  sq.  in.,  the  thickness  required  by  shear  iad  ^  F  -e-  356 
■  8,750  +  35  X  12  -  20.8  in.  The  coefficient  of  resistance  for  /,-  16,000  and  /«  -  650  is 
107.5;  the  depth  required  for  a  moment  of  777,000  in.-lb.  is  therefore  (see  formula  (6c),  Chap. 

XVIII).  

d  =  V777fO«)  -s-  107.5  X  12  -  24.5  in. 

A  depth  of  25  in.  will  be  adopted  with  3  in.  of  concrete  outside  of  the  steel,  making  a  total  depth 
of  28  in.  The  dimensions  of  the  vertical  ^b  are  now  known,  the  batter  of  the  face  being  taken 
as  6  in.  in  18  ft.  The  front  of  the  vertical  slab  is  placed  at  a  distance  of  }  X  14  ->  9.33  ft.  from 
A\or  4,  ft.  8  in.  from  the  toe. 

The  foundation  pressures  at  the  heel  and  toe  will  now  be  found.  The  unit  horizontal  pressure 
at  i4'  is  /»  -  W'h'k  -  100  X  28  X  0.286  ->  800  lb.  per  sq.  ft.  The  total  pressure  against  A'B'ib 
P  —  i(229  +  800)  X  20  «>  10,290  lb.  for  both  cases.  The  distance  of  P  from  the  base  is  found 
to  be  8.16  ft.  as  explained  for  P«.  It  is  evident  that  there  can  be  no  horizontal  pressure  acting 
above  the  top  of  the  wall  for  there  is  nothing  for  it  to  act  against.  In  finding  the  resultant  pressure 
on  the  wall  the  horizontal  pressure  P  is  combined  with  the  weight  over  the  heel  W  acting  through 
its  centroid.  This  pressure  on  the  wall  is  combined  with  the  weight  of  the  wall  acting  through  its 
centroid.  This  resultant  pressure  cuts  the  base  at  a  distance  from  the  center  of  «  <b  2.07  ft.  for 
C^ase  I  and  0.86  ft.  for  Case  2.  The  unit  pressures  at  the  toe  and  heel  are  now  calculated  as  shown 
on  the  problem.  These  are  all  within  the  allowable  pressure  and  the  resultant  pressure  on  the 
foundations  strikes  within  the  middle  third  so  the  width  of  base  is  satisfactory. 

The  resultant  pressure  on  the  toe  is  found  by  subtracting  the  downward  force  due  to  the 
weight  of  the  toe  from  the  upward  force  due  to  the  foundation  pressures.  This  pressure  is  shown 
by  the  shaded  area  in  the  foundation  pressure  diagram.  The  shear  at  the  section  D-D  is  equal  to 
the  portion  of  this  area  to  the  left  of  the  section,  and  the  bending  moment  is  equal  to  the  moment 
of  this  portion  of  the  area  about  the  section.  The  values  of  the  shear  and  moment  for  these  two 
cases  are  recorded  in  the  table,  and  the  depth,  steel  area,  and  unit  stresses  are  worked  out  as 
explained  for  the  section  C-C,  Section  E-E  is  worked  out  in  a  similar  manner  but  it  is  found 
that  a  fillet  is  required  so  the  formulas  for  wedge-shaped  beams  must  be  used. 

The  resultant  pressure  on  the  heel  is  found  by  subtracting  the  downward  force  due  to  the 
weight  of  the  heel  and  the  load  on  the  heel,  from  the  upward  force  due  to  foundation  pressures. 
This  gives  a  resultant  force  downward  as  shown  by  the  shaded  areas  in  the  foundation  pressure 
diagrams.    The  shear  and  moment  at  the  sections  F-F  and  G-G  were  calculated  as  explained  for 
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D-D,  A  fillet  is  not  necessary  but  one  will  be  put  in  to  correspond  with  that  on  the  front  of  the 
wall.  The  reinforcement  in  this  fillet  will  be  made  nominal  and  the  effect  of  the  fillet  will  be 
neglected  in  the  calculations^  assuming  all  of  the  tension  to  be  carried  by  the  horizontal  steel. 
The  diagpnal  steel  in  the  fillet  will  carry  a  high  unit  stress,  but  this  will  have  no  effect  on  the 
strength  of  the  wall. 

The  calculations  for  all  sections  of  the  wall  are  given  in  the  table.  The  minimum  factor  of 
safety  against  sliding  is  for  Case  i  where  the  resultant  pressure  on  the  foundation  makes  an 
angle  of  65^  with  the  horizontal,  giving  a  factor  of  safety  of  tan  33^  42'  4-  tan  (90^  —  65*^)  »  0.667 
+  0.466  «  1.43,  neglecting  the  effect  of  the  cut-off.  The  cutoff  will  increase  the  factor  of  safety 
against  sliding  very  materially.    Walls  of  this  type  are  always  safe  against  overturning. 

All  bars  must  be  embedded  50  diameters  beyond  the  section  of  zero  moment  if  ends  are  not 
hooked  and  33  diameters  if  ends  are  hooked. 

Working  drawings  based  on  the  calculations  given  in  the  table  are  shown  in  the  problem. 

Reference. — ^For  additional  data  on  the  design  of  retaining  walls  see  the  author's  "  The 
Design  of  Walls,  Bins  and  Grain  Elevators." 
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CHAPTER  XX. 
Design  of  Bridge  Abutments  and  Piers. 

IntrodiictioiL — ^An  abutment  is  a  structure  that  supports  one  end  of  a  bridge  span  and  at  the 
same  time  supports  the  embankment  that  carries  the  track  or  roadway.  An  abutment  also 
usually  protects  the  embankment  from  the  scour  of  the  stream. 

A  pier  b  a  structure  that  supports  the  ends  of  two  bridge  spans.  Piers  must  be  designed 
so  as  not  to  interfere  with  the  flow  of  the  stream,  and  care  must  be  used  to  prevent  undermining 
the  pier  by  the  scour  of  the  stream. 

TYPES  OF  ABUTMENTS. — Masonry  abutments  may  be  classified  under  four  heads, 
Fig.  I,  (a)  straight  or  "stub"  abutments;  (b)  wing  abutments;  (c)  U  abutments;  (d)  T  abutments. 

{a)  The  standard  straight  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.,  shown  in  Fig.  i,  is  an 
excellent  example  of  an  abutment  of  this  type.  The  earth  fill  is  allowed  to  flow  around  the  ends 
of  the  abutment  as  shown.  Straight  abutments  should  not  be  used  where  the  water  will  wash 
the  fill  away. 

(b)  A  standard  wing  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.  is  shown  in  Fig.  i.  The  length 
of  the  wings  is  determined  by  the  width  of  the  roadway,  the  allowable  slope  of  the  sides  of  the 
embankment  and  the  angle  of  the  wings.  The  angle  that  the  wings  make  with  the  face  of  the 
abutment  ordinarily  varies 'from  30  degrees  to  45  degrees  for  standard  conditions.  For  skew 
bridges  and  for  unusual  conditions  the  angle  of  the  wing  is  variable. 

(c)  A  standard  U  abutment  of  the  N.  Y.  C.  &  H.  R.  R.  R.  is  shown  in  Fig.  i.  This  is  a 
wing  abutment  with  the  wings  making  an  angle  of  90  degrees  with  the  face  of  the  abutment. 
The  wings  are  tied  together  by  means  of  old  railroad  rails  as  shown.  The  wing  walls  run  back 
into  the  fill,  which  flows  down  in  front  of  the  wings.  If  the  slope  is  liable  to  be  washed  away  by 
the  scour  of  the  stream  the  wings  should  be  extended  farther  into  the  bank. 

((0  A  standard  T  abutment  of  the  South  Bend  and  Michigan  Southern  Railway  for  a  skew 
span  is  shown  in  Fig.  i.  The  T  abutment  is  essentially  a  straight  abutment  with  a  stem  running 
back  into  the  fill;  the  stem  carries  the  roadway,  supports  the  abutment,  and  prevents  water  from 
finding  its  way  along  the  back  of  the  abutment.  A  T  abutment  may  be  considered  as  a  U  abut- 
ment with  the  two  wings  in  one. 

STABIUTY  OF  BRIDGE  ABUTMENTS  WITHOUT  WINGS.— A  bridge  abutment 
must  be  stable  (i)  against  overturning,  (2)  against  sliding,  and  (3)  against  crushing  the  material 
on  which  the  abutment  rests,  or  the  masonry  in  the  abutment.  The  problem  of  the  design  of  a 
bridge  abutment  is  essentially  the  same  as  the  design  of  a  retaining  wall,  for  which  see  Chapter  V, 
The  method  of  design  will  be  shown  by  giving  the  calculations  for  a  straight  concrete  abutment 
for  West  Alameda  Avenue  Subway,  Denver,  Colo. 

Design  of  Concrete  Abutment  for  West  Alameda  Avenue  Subway,  Denver,  Colorado. — ^The 
height  of  the  abutment  is  21  ft.  6  in.  from  the  bottom  of  the  footing  to  the  top  of  the  bridge  seat, 
and  25  ft.  0}  in.  to  the  top  of  the  back  wall.  The  following  assumptions  were  made:  Weight  of 
concrete,  150  lb.  per  cu.  ft.;  weight  of  filling,  w  =  100  lb.  per  cu.  ft.;  angle  of  repose  of  the  filling, 
li  to  I  (^  »  33^  42');  surcharge  800  lb.  per  sq.  ft.,  equivalent  to  8  ft.  of  filling;  maximum  load 
on  foundation  6,000  lb.  per  sq.  ft.  .  ■ 

Solution. — ^After  several  trials  the  dimensions  given  in  Fig.  2  were  taken.  The  stability  of 
the  abutment  was  investigated  for  two  conditions:  (a)  with  a  full  live  and  dead  load  on  the  bridge 
and  on  the  filling,  and  (b)  with  no  live  load  on  the  bridge  and  no  surcharge  coming  on  the  filling 
above  the  wall,  it  being  assumed  that  a  locomotive  is  approaching  the  bridge  from  the  right,  and 
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has  reached  the  point  2  in  {h)t  Fig.  2.  The  weight  of  the  girders  and  the  live  load  was  assumed  as 
uniformly  distributed  over  a  length  of  the  abutment  equal  to  the  distance  between  track  centers, 
and  one  lineal  foot  of  wall  was  investigated. 

Case  (a). — The'  pressure  of  the  filling  on  the  plane  B-a  was  calculated  as  in  Chapter  V, 
Fig.  9,  and  is  P'  =  14,700  lb.,  acting  through  the  center  of  gravity  of  the  trapezoid  2-3-4- B. 
The  weight  of  the  filling  and  surcharge  is  Wt'\-  Wi  ^  14,900  lb.,  which  when  combined  with  P* 
gives  the  resultant  pressure  of  the  filling  on  the  wall  ^  P  ^  20,900  lb.  The  pressure  P  is  then 
combined  with  the  weight  of  the  wall,  Wi  »  29,800  lb.,  and  with  the  dead  load  and  live  load 
from  the  girder  »  12,820  lb.,  giving  the  resultant  pressure  on  the  foundation,  E  »  59,400  lb., 
and  acting,  &  »  1.4  ft.  from  the  center  of  the  wall,  and  F  »  57,500  lb. 

I.  Stability  Against  Overturning. — ^The  resultant  E  is  nearly  vertical  and  well  within  the 
middle  third,  so  that  the  wall  is  amply  safe  against  overturning. 


p^5W 


^'^^  (b) 


Fig,  2.    Abutment  for  West  Alameda  Avenue  Subway,  Denver,  Colo. 

2.  Stability  Against  Sliding.— Assuming  that  ^'  =  30**,  then  the  coeflScient  of  friction  will 
be  tan  ^'  «  0.57.  Using  the  definition  of  factor  of  safety  given  in  equation  (27)  Chapter  V.  the 
resistance  of  the  wall  against  sliding  will  be  57.500  X  0.57  =  32,765  lb.  The  sliding  force  b 
P*  -  14,700  lb.,  and  the  factor  of  safety  is  32,765/14.700  -  2.23,  which  is  ample. 

3.  Pressure  on  FoundaUan,— The  pressure  on  the  foundation  will  he  p  '^  Fjd  ^  eF-b/d* 
■  +  5,740  and  +  1,700  lb.  per  sq.  ft.,  which  is  safe. 

4.  Upward  Pressure  on  Front  Projection  of  Foundation.— The  base  will  be  investigated  on 
the  plane  7-8  to  see  that  the  upward  pressure  will  not  break  off  the  front  projection  of  the  founda- 
tion.   The  bending  moment  of  the  upward  pressure  about  the  front  face  of  the  wall  in  (a),  Fig.  2, 
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M  -  1(5.740  +  4.690)4  X  2.1  X  12 
«  525.672  in-Ib. 

The  tension  on  the  concrete  at  the  bottom  of  the  footing  will  be 

^  M'C  ^  M'd  ^  525,672  X  27 

/     "    2/    "       157,464 
=  92  lb.  per  sq.  in. 

The  footing  is  safe,  but  }  in.  D  rods  were  placed  18  in.  centers  and  3  in.  from  the  bottom  of 
the  foundation. 

Case  (b). — ^The  solution  is  the  same  as  for  (a)  except  that  the  live  load  from  the  girder  =  9,980 
lb.,  and  the  surcharge  load  1-2-5-6  «  Wji  =  6,620  lb.  were  omitted.  The  wall  is  safe  for  over- 
turning. The  factor  of  safety  against  sliding  is  from  equation  (27)  Chapter  XIX,  /,  =  41,500 
X  0.57/14,700  =  1.6,  which  is  safe.    The  pressure  on  the  foundation  is  safe. 

The  back  wall  was  placed  after  the  bridge  seats  were  finished.  To  bond  the  back  wall  to 
the  abutment,  }  in.  Q  rods  4  ft.  long,  spaced  18  in.  centers,  were  placed  in  two  rows  3  in.  from 
the  back  and  front  face,  one-half  of  the  length  of  the  rod  being  imbedded  in  the  main  wall. 

PRINCIPLES  OP  DESIGN.— To  prevent  tension  on  the  back  side  of  the  footing  and  to 
make  sure  that  the  maximum  compression  on  the  front  side  of  the  footing  shall  not  be  greater 
than  twice  the  average  pressure,  the  resultant  of  the  thrust  of  the  filling,  the  weight  of  the  masonry, 
the  weight  of  the  bridge  and  the  live  load  must  strike  within  the  middle  third  of  the  base.  Where 
the  abutment  rests  on  rock  or  solid  material  where  settlement  will  not  occur,  it  will  not  be  serious 
if  the  resultant  strikes  a  little  outside  of  the  middle  third,  providing  the  allowable  pressure  on  the 
foundation  is  not  exceeded.  When  the  abutment  is  on  compressible  material  where  settlement 
will  take  place,  the  resultant  of  the  pressures  should  strike  at  or  back  of  the  center  of  the  base,  so 
that  the  abutment  will  not  tip  forward  in  settling.  It  is  standard  practice  to  use  piles  in  the 
foundation  for  abutments  resting  on  compressible  soil. 

For  the  design  of  wing  walls  see  the  design  of  Retaining  Walls,  Chapter  XIX. 

In  addition  to  the  requirements  for  stability  abutments  should  satisfy  the  following  additional 
requirements. 

(a)  The  abutment  should  protect  the  bank  from  scour,  (b)  The  abutment  should  prevent 
the  embankment  drainage  from  washing  away  the  bank,  (c)  The  abutment  should  be  easily 
drained. 

Empirical  Design. — ^A  common  rule  is  to  make  the  minimum  thickness  of  the  main  part  of 
the  abutment  not  less  than  ^  the  height  above  any  section;  and  project  the  footings  on  each 
side  as  may  be  required.  Empirical  methods  of  design  often  give  unsatisfactory  results  and  are 
not  to  be  recommended. 

DESIGN  OF  BRIDGE  PIERS.— Bridge  piers  must  be  designed  (i)  for  the  total  vertical 
load  due  to  the  dead  load  of  the  span  and  the  live  load  on  the  span,  and  the  weight  of  the  pier; 
(2)  for  wind  pressure  on  the  pier  and  the  bridge;  (3)  to  withstand  floating  drift  and  ice;  and  (4) 
to  take  the  longitudinal  thrust  due  to  stopping  a  car  or  train  on  the  bridge,  and  due  to  temperature 
when  the  rollers  do  not  move  freely.  The  wind  pressures  are  calculated  as  specified  in  sped- 
fications  for  bridges,  and  are  assumed  to  act  in  the  vertical  line  of  the  center  of  the  pier;  on  the 
top  chord  of  the  truss;  the  bottom  chord  of  the  truss;  6  or  7  feet  above  the  base  of  the  rail;  and  at 
the  center  of  gravity  of  the  exposed  part  of  the  pier.  The  total  wind  moment  is  then  calculated 
about  the  leeward  edge  of  the  base  of  the  pier,  and  the  maximum  stresses  on  the  foundation  due 
to  direct  load  and  wind  are  calculated  in  the  same  manner  as  the  calculation  of  the  pressures  of 
abutments. 

The  effect  of  the  current  of  the  stream  and  of  floating  ice  and  drift  are  difficult  to  calculate. 
The  pressure  of  a  flowing  stream  on  an  obstruction  is  given  by  the  formula 
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where  P  ■■  the  total  pressure  on  the  surface;  m  =  a  constant;  w  «=  weight  of  a  cubic  foot  of 
water;  a  =  area  of  wetted  surface  normal  to  the  current  in  square  feet;  v  =■  velocity  of  current 
ia  feet  per  second;  and  g  »  acceleration  due  to  gravity  »  32.2  feet.  The  value  of  m  varies  with 
the  shape  and  the  din[iensions  of  the  pier.  Weisbach's  Mechanics  gives  the  following  data: — 
For  a  prism  three  times  as  long  as  broad,  m  »  1.33.  For  a  pier  five  or  six  times  as  long  as  broad 
and  with  a  cutwater  having  plane  faces  and  an  angle  of  30  degrees  between  the  cutwater  faces, 
m  =»  048.     For  a  square  pier,  m  ^  1.28,  and  for  a  circular  pier,  m  =  0.64. 

The  maximum  pressure  due  to  floating  ice  will  be  the  crushing  strength  of  the  ice,  which 
varies  from  400  to  800  lb.  per  sq.  in.  The  principal  danger  from  floating  ice  and  drift  is  that 
the  current  of  the  stream  will  be  deflected  downward  and  will  gouge  out  the  material  around 
and  under  the  pier  and  cause  failure.  To  prevent  this  it  is  quite  common  to  build  piers  with  a 
"break-water,"  "starkwater,"  "cutwater,"  or  nose  that  will  deflect  drift  and  ice,  or  to  put  in  a 
pile  protection  on  the  upstream  side  of  the  pier.  If  the  water  can  get  under  the  pier  the  buoyancy 
(A  the  water  must  be  considered  in  calculating  the  stability  of  the  pier.  If  there  is  danger  of 
scouring  then  it  is  well  to  deposit  large  stones  and  riprap  around  the  base  of  the  pier. 

Batter. — Piers  and  abutments  are  seldom  battered  more  than  one  inch  to  one  foot  of  vertical 
hdght,  or  less  than  one-half  inch  to  the  foot,  although  high  piers  are  sometimes  battered  only 
one-fourth  inch  to  one  foot. 

ALLOWABLE  PRESSURES  ON  FOUNDATIONS.— The  allowable  pressures  on  founda- 
tions depend  upon  the  material,  the  drainage,  the  amount  of  lateral  support  given  by  the  adjacent 
material,  the  depth  of  the  foundation,  and  other  conditions,  so  that  it  is  not  possible  to  give  data 
that  will  be  more  than  an  aid  to  the  judgment.  If  properly  designed  a  moderate  settlement  of 
some  particular  structure  may  do  no  harm,  while  a  less  settlement  in  another  structure  may  be 
disastrous.    Professor  I.  O.  Baker  gives  the  values  in  Table  I  in  his  "  Masonry  Construction." 

TABLE  I. 
Safe  Bearing  Power  of  Soils.* 


Kind  of  Material. 


Safe  Bearing  Power  in  Tons  per  Square  Foot. 


Min. 

Max. 

200 



25 

30 

15 

20 

10 

6 

4 

2 

8 

10 

4 

6 

2 

4 

0.5 

I 

Rock  hardest  in  thick  layers  in  bed. . . 
Rock  equal  to  best  ashlar  masonry. . . 

Rock  equal  to  best  brick 

Rock  equal  to  poor  brick 

Gay  in  thick  beds,  always  dry 

Gay  in  thick  beds,  moderately  dry. . . 

Gay  soft 

Gravel  and  coarse  sand,  well  cemented 

Sand  compact  and  well  cemented 

Sand  clean,  dry 

Quicksand,  alluvial  soils,  etc 


Present  practice  is  more  nearly  gfven  by  the  values  in  Table  II.     Foundations  should  never 
be  placed  directly  on  quicksand. 

TABLE  11. 
Allowable  Bearing  on  Foundations. 


Kind  of  Material. 


Tona  per  Square  Foot. 


Soft  clay  or  loam 

Ordinary  clay  and  dry  sand  mixed  with  clay. 

Dry  sand  and  dry  clay 

Hard  clay  and  firm,  coarse  sand 

Firm,  coarse  sand  and  gravel 

Shale  rock 

Hard  rock 


I 

2 

3 

t 

8 
20 


•  Baker's  "  Masonry  Construction,"  John  Wiley  &  Sons. 
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Mr.  £.  L.  Corthell  gives  the  summary  of  the  pressures  on  deep  foundations  in  Table  III. 

TABLE  III. 
Actual  Pressusbs  on  Debp  Foundations.* 


Actual  Pressures  which  Showed  No  Settlement.                                            | 

Material. 

Number  of 
EAmpleB. 

Prewure  in  Tona  per  Square  FooL                     | 

y^f^Tiiimn^ , 

Minimum. 

Aveiase. 

Fine  sand 

lO 

33 
lO 

^l 

5 

•      54 
775 

6.2 

8.0 

I2.0 

2.25 
*4 

a.5 
1.5 

2.0 
3.0 

4-5 
5.1 
4-9 

If 

Coarse  sand  and  gravel 

Sand  and  clay 

Alluvium  and  silt 

Hard  clay 

Hard  pan 

Actual  Pressures  which  Showed  Settlement. 

Fine  sand 

3 
5 

2 

3 

5.6 
7.6 
74 

1.8 

n 

1.6 

'3'3 

Qay 

Alluvium  and  silt 

Sand  and  clay 

The  data  in  Table  III  shows  that  great  care  must  be  used  in  determining  on  the  allowable 
pressure  for  any  particular  foundation,  and  that  safe  values  for  the  bearing  power  of  soib  should 
only  be  used  as  an  aid  to  the  judgment  of  the  engineer. 

WATERWAY  FOR  BRIDGES.— The  clear  waterway  for  bridges  should  be  ample;  great 
care  should  be  used  to  prevent  floating  logs  and  debris  from  clogging  up  the  opening.  The  neces- 
sary waterway  depends  upon  the  character  and  size  of  the  runoff  area,  the  slope  and  size  of  the  stream 
and  upon  other  local  conditions. 

Many  formulas  have  been  proposed  for  determining  the  waterway  of  culverts  and  bridges. 
The  formula  best  known  to  the  author  is  that  proposed  by  Professor  A.  N.  Talbot.    It  is 


A  =cVlfi 


where  A 

M 

c 


area  of  the  required  opening  in  sq.  ft.; 
area  of  drainage  basin  in  acres; 

a  coeflicient  varying  with  the  slope  of  the  ground,  slope  of  the  drainage  area,  character 

of  the  soil  and  character  of  vegetation. 

Professor  Talbot  gives  the  following  values  of  c  :  c  =  |  to  i  for  steep  and  rocky  ground; 

c  »  i  f or  rolling  agricultural  country,  subject  to  floods  at  times  of  melting  snow,  and  with  the 

length  of  valley  3  to  4  times  its  width;  c  —  J  to  i  for  districts  not  affected  by  accumulated  snow 

and  where  the  length  of  the  valley  is  several  times  its  width. 

The  "Dun  Drainage  Table,"  which  is  quite  generally  used  by  railways,  is  given  on  page  25i» 
of  the  author's  "Structural  Engineers'  Handbook." 

PREPARING  THE  FOUNDATIONS. — ^The  preparation  of  the  site  of  the  abutment  or 
pier  will  depend  upon  the  conditions  and  character  of  the  material. 

Rock.— Where  the  water  can  be  excluded,  the  rock  should  be  cleared  of  all  overlying  material 
and  disintegrated  rock.  The  surface  is  then  leveled  up  either  by  cutting  off  the  projections  or 
by  depositing  a  layer  of  concrete. 

♦  "Allowable  Pressures  on  Deep  Foundations"  by  E.  L.  Corthell,  John  Wiley  &  Sons. 
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Hard  Ground  —The  material  should  be  excavated  well  below  the  frost  and  scour  line.  Where 
the  foundations  cannot  be  carried  low  enough  to  prevent  undermining,  piles  should  be  driven  at 
about  2i  to  3  ft.  centers  over  the  foundation. 

TABLE  IV. 
Waterway  for  Bridges  and  Culverts. 
Square  Feet  of  Waterway  Required  for  Culverts  and  Bridges  with  Varying  Size  and  Character  of 
Tributary  Watershed,  Calculated  by  Talbot's  formula*: 


Ana. 
Acres. 

Area  of  Culvert, 

Sq.Ft. 

Area. 
Acres. 

Area  of  Culvert, 

Sq.  Ft. 

Area. 
Sq.  Mi. 

Area  of  Culvert.  Sq.  Ft.      { 

<'="f. 

C-1/3. 

c^tlS' 

^  =  1. 

c=x/3. 

r=x/s. 

c^  X. 

r-1/3. 

c  =*  x/5. 

I.O 

0-3 

0.2 

30 

12.8 

4-3 

2.6 

1 

75 

iS 

IS 

1-7 

0.6 

0.3 

g 

IS-9 

5-3 

3.2 

103 

34 

21 

2.3 

0.8 

0.S 

21.6 

7-i 

4-3 

I 

127 

42 

25 

2.8 

0.9 

0.6 

80 

26.8 

8.9 

1  + 

2 

214 

71 

43 

3-3 

I.I 

0.7 

100 

31.6 

10.5 

6.3 

3 

290 

97 

58 

lO 

5.6 

1.9 

I.I 

120 

36.0 

12.0 

7.0 

t 

356 

119 

^ 

IS 

7.6 

2-5 

1.5. 

160 

61.0 

15.0 

9.0 

488 

'^l 

98 

20 

95 

3-2 

1.9 

240 

20.0 

12.0 

10 

71S 

238 

143 

*  A  =*  c  \]B*  where  J  =  sectional  area  of  culvert  in  sciuare  feet. 
M  a>  area  of  tributary  watershed  in  acres, 
c  —  I  for  abrupt  slopes. 

1/3  for  rolling  agricultural  country. 
1/5  for  level  cultivated  land. 

Soft  Groimd. — ^The  materials  should  be  excavated  to  a  solid  stratum  or  piles  spaced  about 
2i  to  3  ft.  centers  should  be  driven  over  the  foundation  to  a  good  refusal.  The  piles  should  be 
cut  off  below  low  water  level  to  carry  a  timber  grillage,  or  concrete  may  be  deposited  around  the 
heads  of  the  piles.  Where  water  cannot  be  excluded  it  will  be  necessary  to  use  one  of  the  following 
methods:  open  caisson,  crib,  coffer  dam,  or  pneumatic  caisson. 

In  using  an  open  caisson  the  masonry  is  built  up  or  the  concrete  is  deposited  in  a  water  tight 
box  built  of  heavy  timbers  or  of  reinforced  concrete,  the  caisson  being  sunk  as  the  pier  is  built  up. 
The  caisson  is  commonly  floated  into  place  and  then  is  sunk  on  piles  which  have  been  sawed  off 
to  receive  it,  or  on  a  solid  rock  foundation.  The  sides  of  timber  caissons  are  usually  removed 
after  the  pier  is  completed. 

Timber  cribs  are  made  of  squared  timbers  placed  transversely  and  longitudinally,  and  bolted 
together  so  as  to  form  a  solid  structure  with  open  pockets.  The  crib  is  sunk  by  loading  the 
pockets  with  stone.    No  timber  should  be  left  above  the  low  water  mark  in  open  caissons  or  cribs. 

A  coffer  dam  is  usually  made  by  driving  two  rows  of  sheet  piling  around  the  pier,  the  space 
between  the  rows  of  piling  being  filled  with  clay  puddle.  For  small  depths  a  single  row  of  sheet 
piling  is  often  sufficient.  Where  the  depth  is  too  great  for  one  length  of  sheet  piling,  additional 
rows  are  driven  inside  the  first.  Steel  sheet  piling  is  now  much  used  for  difficult  foundations. 
Steel  sheet  piling  can  be  driven  through  ordinary  drift  and  similar  material,  is  not  limited  in 
depth,  and  is  practically  water  tight  when  used  in  a  single  row.  It  can  be  drawn  and  used  again. 
It  is  almost  impossible  to  shut  off  all  the  water  with  a  coffer  dam,  and  pumps  should  be  provided. 

Pneumatic  caissons  should  only  be  used  under  the  direction  of  experienced  engineers  and 
will  not  be  considered  here. 

For  details  of  sinking  piers  see  Jacoby  &  Davis'  "  Foundations  of  Bridges  and  Buildings  *\ 
McGraw-Hill  Book  Company. 

EXAMPLES  OF  BRIDGE  ABUTMENTS  AND  PIERS.— Several  different  types  of  bridge 
abutments  and  piers  will  be  described  in  detail. 
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Cooper's  Standard  Abutments. — ^The  abutment  in  (a),  Fig.  3,  is  from  Cooper's  "  General 
Specifications  for  Foundations  and  Substructures  of  Highway  and  Electric  Railway  Bridges." 
The  length  /,  and  the  thickness,  a,  for  highway  and  single  track  electric  railway  bridges  are  as 
given,  and  are  proportional  for  intermediate  spans.  These  abutments  may  be  made  of  either 
first-class  stone  masonry  or  first-class  Portland  cement  concrete. 
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(b)  H/6ffmY  Abutment  mtmout  Wjno  Walls 


D/MENS/0//S  OF  Masonry  Abutments 
wiTN  W/NS  Walls 


Distance,  a 

Span,  Feet 

Length,  I. 

2'6" 

50 

w*4'0' 

2' 8" 
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w+5'0' 

3'0" 

J50 
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i2feet 
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72 
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63 
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i20  i85 
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85 
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iOO 
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ii6 
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210 


i45 
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260 

iSS 
227 
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Fig.  3.    Masonry  Abutmbnts  for  Electric  Railway  and  Highway  Bridges. 

Cooper's  Standards. 


For  double  track  electric  railway  bridges  add  one  foot  to  the  value  of  a  in  Fig.  3.  The  mini- 
mum thickness  of  the  wall  at  any  point  is  to  be  0.4  of  the  height.  The  length  of  the  wing  walls 
will  be  determined  by  local  conditions. 

The  abutment  without  wing  walls  in  (6),  Fig.  3,  has  the  same  dimensions  as  the  abutment 
with  wing  walls.  The  width  for  single  track  electric  railways  may  be  taken  as  14  ft.,  double  track 
26  ft.    The  approximate  cubical  quantities  in  abutments  without  wing  walls  are  given  in  Fig.  5> 

Michigan  Highway  Commission. — Standard  plans  for  plain  concrete  abutments  as  prepared 
by  the  Michigan  Highway  Commission  are  given  in  Fig.  4.  The  concrete  is  to  be  1-3-6  mix 
with  a  gravel,  hard  limestone  or  hard  sandstone  aggregate.    Foundations  are  to  be  well  below 
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Fig.  4.    Standard  Masonry  Abutmbnts  for  Steel  Highway  Spans. 
Michigan  Highway  Commission. 
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Fig.  5.    Reinforced  Concrete  Highway  Bridge  Abutments. 
Michigan  Highway  Commission. 
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scour  with  a  minimum  of  3  feet,  if  above  water.    Where  piles  are  necessary,  they  are  to  be  driven 
not  less  than  10  ft.  deep. 

Plans  for  reinforced  concrete  abutments  designed  by  the  Michigan  Highway  Commissbn 
are  given  in  Fig.  5.  These  abutments  are  designed  for  an  i8-ft.  roadway,  and  a  height  of  20  feet. 
The  concrete  is  to  be  1-2-4  mix.  The  two  abutments  contain  100  cu.  yd.  concrete  and  16,000  lb. 
reinforcing  steel.     The  wings  and  the  body  of  the  abutment  are  designed  to  act  together  as  a 
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Fig.  6.    Reinforced  Concrete  Highway  Bridge  Abutments.    Iowa  Highway  Commission. 

uni^.  The  fill  is  drained  through  the  abutment  by  means  of  seven  one-inch  drains  in  each  abut- 
ment. The  Commission  has  prepared  plans  for  abutments  for  i6-ft.  and  i8-ft.  roadways,  for 
heights  of  10  ft.  to  20  ft.,  varying  by  one  foot. 

Iowa  Highway  Commission. — Reinforced  concrete  abutments  for  a  50-ft.  span  steel  highway 
bridge  are  given  in  Fig.  6;  and  reinforced  concrete  abutments  for  an  80-ft.  span  steel  bridge  are 
given  in  Fig.  7.  These  abutments  were  designed  by  the  Iowa  Highway  Commission.  The  wings 
make  an  angle  of  45  degrees  with  the  face  of  the  abutment,  and  are  tied  to  the  body  of  the  abutment 
by  means  of  reinforcement.  The  width  of  base  is  taken  equal  to  one-third  the  total  height  of 
the  abutment.     Piles  are  to  be  driven,  where  needed,  in  the  manner  indicated  in  the  drawings. 

Illinois  Highway  Commission. — Details  of  reinforced  concrete  abutments  for  a  concrete  girder 
span  are  shown  in  Fig.  8.  The  abutments  are  of  the  slab  type  and  are  designed  to  act  as  a  unit. 
The  wings  are  designed  to  act  as  cantilever  walls,  and  are  also  tied  to  the  body  of  the  abutment. 
The  concrete  girders  are  supported  at  one  end  on  expansion  rockers  placed  in  a  recess  in  the  top 
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of  the  abutment  as  shown  on  the  drawings.    The  wings  are  shown  as  making  an  angle  of  45  degrees 
with  the  face  of  the  abutment. 

Details  of  a  U-abutment  are  shown  in  Fig.- 9.  The  wings  are  tied  together  with  steel  bars 
which  are  protected  by  imbedding  in  concrete.  A  view  of  a  concrete  slab  bridge  with  a  U-abut- 
ment is  shown  in  Fig.  i,  Chapter  XVII. 
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Fig.  7.    Reinforced  Concrete  Highway  Bridge  Abutments.    Iowa  Highway  Commission. 


Pedestal  Abutment — Details  of  a  pedestal  abutment  used  for  a  150-ft.  span  steel  highway 
bridge  over  the  New  York  Barge  Canal  are  shown  in  Fig.  10.  The  abutment  consists  of  a  forward 
pier  with  two  pedestals  resting  on  the  body  of  the  pier,  and  having  a  connecting  wall  to  prevent 
the  fill  from  sliding  into  the  canal,  and  two  rear  columns. 

The  tops  of  the  pier  and  the  columns  are  connected  by  means  of  transverse  beams  which 
carry  the  concrete  floor  slab.  This  abutment  is  very  economical  and  in  addition  gives  an  increased 
waterway  for  flood  flow. 

Cooper's  Standard  Masonry  Piers. — ^The  masonry  pier  in  Fig.  1 1  is  from  Cooper's  "General 
Specifications  for  Substructures  of  Highway  and  Electric  Railway  Bridges."  The  length,  /,  and 
the  thickness,  a,  for  highway  and  single  track  electric  railway  bridges  are  given  in  Fig.  11.  These 
piers  may  be  made  of  either  first-class  stone  masonry,  or  fii^-clas^  Portland  cement  concrete. 

For  double  track  electric  railway  bridges  add  one  foot  to  /,  and  6  inches  to  a.  The  width 
v  m  center  to  center  of  trusses,  and  may  ordinarily  be  taken  14  ft.  for  single  track,  and  26  ft. 
for  double  track  through  bridges.  Where  drift  and  logs  are  liable  to  injure  the  pier  the  nose  of  the 
cut-water  should  be  protected  with  a  steel  angle  or  plate.  The  approximate  cubical  contents  of  the 
piers  are  given  in  Fig.  11. 
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Standard  Abutments  for  a  Concrete  Girder  Bridge. 
Illinois  Highway  Commission. 
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Fig.  9.    U-Abutment.    Illinois  Highway  Commission. 
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MirhigMii  State  Highway  CommissioiL  Maaonry  Pien. — Details  of  standard  masonry  piers 
as  designed  by  Michigan  State  Highway  Commission  are  given  in  Fig.  12.  Quantities  of  concrete 
as  shown  in  the  cut. 
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Fig.  10.    Details  of  a  Pedestal  Abutment  on  Barge  Canal. 
(Engineering  News,  August  18,  1910.) 

Iowa  Highway  Commission.  Masonry  Piers. — Details  of  standard  masonry  piers  designed 
by  the  Iowa  Highway  Commission  are  shown  in  Fig.  13.  The  upstream  end  of  the  pier  is  pro- 
vided with  a  cut- water  protected  by  an  8  in.  by  8  in.  angle.  The  bridge  seat  of  the  pier  is  re- 
inforced with  steel  bars.  The  widths  and  lengths  of  pier  for  different  conditions  are  given  in  the 
cut.    A  typical  piling  plan  is  also  shown. 

Pedestal  Piers. — ^A  reinforced  concrete  pedestal  pier  designed  by  the  Minnesota  Highway 
Commission  is  shown  in  Fig.  14.  This  pier  was  designed  to  carry  a  steel  beam  highway  bridge. 
Details  of  the  pier  are  shown  in  the  cut. 
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Fig.  II.    Masonry  Piers  for  Highway  and  Electric  Railway  Bridges. 

Cooper's  Standards. 
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Details  of  a  concrete  pedestal  pier  desigjied  by  the  Illinois  Highway  Commission  are  shown  in 
F^.  15.  This  pier  was  designed  to  support  one  end  of  the  224-ft.  steel  span  and  one  end  of  a 
45-ft.  span  reinforced  concrete  through  girder  in  the  Vermillion  Bridge.  A  view  of  this  bridge 
showing  the  piers  is  given  in  Fig.  4,  Chapter  XVII.  Details  of  the  expansion  joint  in  the  floor 
between  the  two  spans  are  shown  in  the  cut. 
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Fig.  12.    Standard  Masonry  Piers.    Michigan  State  Highway  Commission. 


STEEL  TUBULAR  PIERS.— Steel  tubular  piers  are  made  of  steel  plates  riveted  together 
and  filled  with  concrete.  Where  the  piers  are  founded  in  soft  material,  piles  are  driven  in  the 
bottom  of  the  tube,  the  piles  being  sawed  off  below  the  water  line.  The  piles  should  extend  at 
least  twx)  diameters  of  the  tube  above  the  bottom.  The  tubes  are  braced  transversely  by  means 
of  struts  and  tension  diagonals  above  high  water,  and  by  diaphragm  bracing  below  high  water. 
Wliere  the  piers  will  be  subject  to  blows  from  floating  drift  or  logs,  they  should  be  protected  by  a 
timber  crib-work  or  other  device. 

Cooper's  Standards. — ^The  tubular  piers  in  Fig.  16  are  from  Cooper's  "  General  Specifica- 
tions for  Foundations  and  Substructures  for  Highway  and  Electric  Railway  Bridges."  Cooper 
specifies  a  minimum  thickness  of  \  in.  for  plates  below  and  \  in.  above  the  high  water.  The  mini- 
mum sLees  of  tubular  piers  are  as  given  in  Fig.  16. 

A  steel  tubular  pier  with  a  timber  crib  protection  is  given  in  Fig.  16.  The  crib  is  filled  with 
loose  rock. 

A  steel  oblong  pier,  as  designed  by  Cooper,  is  given  in  Fig.  17.  The  center  of  the  truss  is  to 
come  a/2  +  one  foot  from  the  end  of  the  pier.  The  width  a,  as  specified  by  Cooper,  is  given  in 
Fig.  17. 

American  Bridge  Company  Standards. — ^The  American  Bridge  Company's  standard  tubular 
piers  are  shown  in  Fig.  18.  The  minimum  diameters  for  a  height  of  15  feet  to  carry  a  single  span 
and  data  on  piers,  pier  beams  and  pier  bracing  are  given  in  Fig.  18.  In  calculating  the  weight 
of  a  pier  add  one  foot  to  the  length  of  each  tube.  The  weight  of  the  concrete  in  two  tubes  is 
given  in  Fig.  18.  The  concrete  is  assumed  to  fill  the  tube  and  the  space  occupied  by  the  piles 
should  be  deducted.    The  number  of  piles  required  for  different  diameters  of  tubes  is  given. 
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The  number  of  piles  required  for  large  tubes  agrees  quite  closely  with  Cooper's  Specifications,  but 
the  number  for  small  tubes  is  very  much  less. 
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Fig.  13.    Standard  Masonry  Piers.    Iowa  Highway  Commission. 


Pier  Beams, — ^The  size  of  pier  beams  required  for  different  panel  lengths  and  clear  distance 
between  tubes  in  feet,  are  given  in  Fig.  18.  The  pier  beam  should  be  assumed  as  one  foot  longer 
than  the  clear  distance  between  the  tubes,  in  calculating  the  weight  of  the  beams. 

Pier  Bracing. — ^The  pier  bracing  for  piers  supporting  the  ends  of  two  spans  are  given  in  Fig.  i8- 
If  the  spans  are  unequal  in  length,  enter  the  table  with  one-half  of  the  algebraic  sum  of  the  spans- 
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Fig.  14,    Concrete  Pedestal  Pier.    Minnesota  Highway  Commission. 


^f^ 


d'-j"  >! 


•Crown  of  finished  nsdm^ 


S'^T'^Wi     7-6'      '  ^       I  , 11'  III 


^ 


i^£R  mEi4FzSpArf 
YEm/Lim  BRfmj  USalleCcJil. 

Il/tno/s  Hf^fmay  Cmmhshn 


sf  past  itptTtgif  iftd  Citii  B 


Digitized  by 


GOOQ 


Fig.  15.    Concrete  Pedestal  Pier,  Vbruiluon  Bridge. 


340 


BRIDGE  ABUTMENTS  AND  PIERS. 


Chap.  XX. 


For  example,  for  a  pier  carrying  a  75-ft.  and  a  125-ft.  span,  enter  the  diagram  with  a  span  of  100  ft. 
Steel  tubular  piers  should  never  be  used  for  end  abutments  carrying  a  fill. 

In  calculating  the  weight  of  the  diagonal  bars  the  length  of  the  bar  should  be  multiplied  by 
the  weight  per  foot  as  obtained  from  a  handbook,  and  the  detaib  for  one  bar  added  to  the  product 
In  calculating  the  weight  of  the  struts  add  one  foot  to  the  clear  length. 
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Minimum  Sizes  of  Steel  Tubular  Piers.  Cooper's  Standards 
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Fig.  16.    Steel  Tubular  Piers  for  Highway  and  Electric  Railway  Bridges. 

Cooper's  Standards. 


Pier  Caps. — ^Tubular  piers  may  be  capped  with  steel  plate  caps,  may  be  finished  with  con- 
crete, or  may  have  a  stone  pedestal  block.  The  weights  given  in  Fig.  18  do  not  include  the 
weights  of  steel  caps. 

Specifications  for  Steel  Tubular  Piers  for  Highway  and  Electric  Railway  Bridges.— The 
plates  for  the  tubes  shall  be  not  less  than  }  in.  thick  for  tubes  up  to  30  in.  diameter,  not  less  than 
A  in.  for  tubes  from  30  to  48  in.  in  diameter,  and  not  less  than  f  in.  for  tubes  from  48  to  72  in. 
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m  ^meter.  Where  the  plates  are  in  contact  with  the  soil  the  thickness  shall  be  increased  at 
least  A  in-  For  A-in.  I^te  and  less  use  f-in.  rivets;  for  f-in.  plate  and  over  use  f-in.  rivets. 
The  horizontal  seams  shall  be  single  lap  joints  riveted  with  a  pitch  of  4  diameters  of  rivet, 
while  the  vertical  seams  shall  preferrably  be  butt  riveted  with  single  riveting  spaced  4  diameters 
of  rivet,  up  to  48  in.  diameter  of  tubes,  and  double  riveting  with  3-in.  spacing  for  tubes  of  larger 
diameter. 
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Minimum  Sizes  of  Steel  Omse  Piers 
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Fig.  17.    Steel  Oblong  Piers  for  Highway  and  Electric  Railway  Bridges. 

Cooper's  Standards. 


The  bracing  between  cylinders  shall  be  a  solid  web  below  high  water  level.  Above  high 
water  level  the  bracing  may  consist  of  struts  and  diagonal  rods.  The  diagonal  rods  in  open 
bracing  shall  be  inclined  at  an  angle  with  the  vertical  of  not  less  than  45  degrees.  The  rods 
shall  be  upset  and  be  provided  with  turn-buckles.  The  bracing  shall  be  made  sufficiently 
strong  to  maintain  the  cylinders  in  an  upright  position  when  acted  upon  by  the  prescribed 
lateral  wind  loads  without  assistance  of  piles. 

Piers  30  in.  or  less  in  diameter  shall  have  one  pile,  and  one  additional  pile  shall  be  added 
for  each  increase  of  six  (6)  inches  in  diameter  of  cylinder.  A  cylinder  72  in.  in  diameter  will 
then  have  e^;ht  (8)  piles. 

The  materials  and  workmanship  shall  comply  with  the  specifications  for  the  highway  bridge 
superstructure. 

Erection, — ^Where  the  bottom  will  permit,  the  tubes  -shall  be  sunk  well  below  possible  scour 
by  loading  the  tube,  and  excavating  the  material  from  the  inside.  For  this  purpose  a  clamshell 
bucket  is  very  effective.  Driving  the  tube  with  a  pile  driver  will  cut  off  the  rivets  in  the  horizontal 
seams  and  will  not  be  permitted.  After  the  tube  is  sunk,  piles  are  to  be  driven  inside  of  the  steel 
shell,  as  closely  together  as  possible,  using  care  to  get  no  pile  nearer  than  4  to  6  in.  to  the  steel 
shell.  The  piles  shall  be  driven  to  a  good  refusal,  and  the  tops  sawed  off  below  the  low  water 
mark  and  reaching  at  least  2  diameters  of  the  tube  above  the  bottom.  The  space  inside  the  tubes 
shall  then  be  filled  with  concrete  well  tamped.  Concrete  shall  not  be  deposited  in  running  water 
if  posnble  to  prevent  it. 
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Fig.  1 8.    Steel  Tubular  Piers  for  Highway  Bridges.    American  Bridge  Company. 
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Where  piers  are  founded  on  rock,  the  tubes  are  to  be  anchored  to  the  rock  and  then  filed  with 
concrete.  Or  cribs  may  be  sunk  <Jn  the  rock  and  the  tube  set  in  a  pocket  in  the  crib  and  resting 
on  the  rock.  The  space  outside  the  tube  is  then  filled  with  concrete  and  the  tube  is  filled  with 
concrete  in  the  usual  manner. 
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Fig.  19.    Steel  Tubular  Piers,  Trail,    B.  C. 


Cylinder  Piers  for  Highway  Bridge,  Trail  B.  C* — Steel  cylinder  piers.  Fig.  19,  were  used 
for  a  steel  highway  bridge  designed  by  Waddell  and  Harrington,  consulting  engineers,  and  built 
across  the  Columbia  River  at  Trail,  B.  C.  The  Aiain  spans  are  172  ft.  8  in.  long  and  are  carried 
on  piers  made  of  two  steel  cylinders  filled  with  concrete.     The  steel  cylinders  are  9  ft.  in  diameter 


•  Engineering  News,  I>ec.  5,  1912. 
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at  the  b<)ttom  and  6  ft.  in  diameter  at  the  top,  and  are  86  ft.  long.  The  cylinders  are  made  of 
plates  i  in.  thick  and  are  connected  by  a  double  plate  web  diaphragm,  each  diaphragm  made 
of  -frin,  plates  spaced  24  in.  apart  and  25  ft.  high,  and  reaching  from  below  low  water  to  abo^'c 
high  water.  The  diaphragms  were  covered  and  filled  with  concrete.  The  cylinders  are  sprxed 
21  ft.  centers.    The  piers  were  sunk  by  the  pneumatic  process. 
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Fig.  20.    Timber  Pile  Abutment  for  Steel  Highway  Bridges. 

Commission. 


Iowa  Highway 


Timber  Abutment. — ^The  details  of  a  timber  abutment  for  steel  low  truss  highway  bridges, 
as  designed  by  the  Iowa  Highway  Commission  are  shown  in  Fig.  20.  This  abutment  is  to  be 
used  for  steel  low  truss  bridges  with  timber  floor  with  spans  of  35  ft.  to  65  ft.  This  abutment  is 
especially  suited  to  crossings  of  drainage  ditches  where  it  is  difficult  to  get  satisfactory  foundations 
for  masonry  abutments. 

Specifications  for  abutments  and  piers  are  given  in  Appendix  II. 

Reference. — For  details  of  abutments  and  piers  for  railway  bridges,  see  the  author's 
"Structural  Engineers'  Handbook." 
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CHAPTER  XXI. 
Design  of  Reinforced  Concrete  Bridges. 

Intiodaction. — ^The  design  of  slab  and  girder  bridges  will  be  discussed  in  this  chapter.  The 
design  of  culverts  will  be  considered  in  Chapter  XXII,  and  the  design  of  arches  in  Chapter  XXIII. 

SLAB  BRIDGES. — ^The  distribution  of  concentrated  loads  on  reinforced  concrete  slabs  has 
been  considered  in  Chapter  IX.  The  floor  of  a  slab  bridge  is  designed  as  any  simply  supported 
slab  for  a  span  length  equal  to  the  span  length  of  the  bridge.  Shear  in  the  slab  should  be  investi- 
gated and  stirrups  and  bent-up  bars  should  be  provided  where  necessary.  Both  the  straight 
longitudinal  and  bent-up  bars  should  be  hooked  at  the  ends.  The  slab  bridge  has  the  advantage 
that  it  is  simple  in  design,  and  requires  less  material  and  labor  in  building  the  forms  and  less  labor 
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Fig.  I.    Reinforced  Concrete  Slab  Bridge. 
Wisconsin  Highway  Commission. 


in  placing  the  reinforcement  than  any  other  type  of  concrete  bridge^  It  also  admits  of  widening 
the  roadway  without  impairing  the  strength  of  the  existing  structure.  It  has  the  disadvantage 
that  it  is  not  economical  of  materials  for  spans  of  more  than  about  20  ft.  Details  of  a  reinforced 
concrete  slab  bridge  having  a  i6-ft.  span  and  a  20-ft.  roadway  are  shown  in  Fig.  i.  This  bridge 
was  designed  to  carry  a  15-ton  road  roller.  This  bridge  is  designed  to  be  carried  on  independent 
abutments.  Quantities  of  concrete  and  steel  in  standard  slab  bridges  designed  by  the  Wisconsin 
Highway  Commission  are  given  in  Table  I. 
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TABLE  I. 

QUANTITIBS  OF  CONCRETE  AND  StEEL  IN   REINFORCED  SlAB   BRIDGES. 

Wisconsin  Highway  CoiiiassioN. 


'¥t 

i6-Ft.  Roadway. 

x8-Ft.  Roadway. 

9o-Ft.  Roadway. 

94-Ft.  Rondway.           | 

Lb.  Steel. 

On.  Yd. 
Concrete. 

Lb.'steeL 

Cu.Yd. 
Concrete. 

Lb.SteeL 

Cu.  Yd. 
Concrete. 

Lb.StMl. 

Cu.Yd. 
Concrete. 

6 
8 

ID 
12 

\i 

i8 

20 
22 

480 
700 
930 
1,200 
1,520 
1,890 
2,180 
2,710 
3,280 
4,190 

5.7 

7-7 
9.9 
12.6 
15.8 
19.3 
22.7 
27.0 
32.2 
37.8 

520 

760 

1,010 

1,660 
2,060 
2,450 
2,960 
3,610 
4,610 

6.1 
10.6 

13.6 

17.0 

20.8 

24.5 
29.4 
34.9 
41.2 

830 
1,090 
1,430 
1,8 10 
2,230 
2,640 
3,220 
3,950 
5,040 

Si 

\\i 
18.3 
22.4 
26.4 

31-7 
37.9 
44.5 

660 
960 
1,290 
1,700 
2,130 
2,600 
3,120 
3,780 
4,620 
5,890 

71 

12.6 
164 
20.8 
254 
29.9 
36.1 

43.3 
50.9 

Details  of  a  reinforced  concrete  slab  bridge  resting  on  reinforced  concrete  abutments  are  shown 
in  Fig.  2.  The  slab  is  designed  to  support  the  tops  of  the  abutments  and  to  take  the  thrust  of  the 
filling.  As  the  bridge  is  designed  it  will  act  as  a  simple  span  resting  on  the  tops  of  the  abutments. 
The  Wisconsin  Highway  Commission  has  prepared  standard  plans  for  this  t3rpe  of  bridge  for  ^lans 
of  8  ft.  to  24  ft.,  and  for  roadways  of  16  ft.,  18  ft.,  20  ft.,  and  24  ft.  Data  on  spans  with  20-ft. 
and  24-ft.  roadways  are  given  in  Table  II. 

TABLE   II. 

Data  on  Concrete  Slab  Bridges  on  Reinforced  Concrete  Abutments. 

Wisconsin  Highway  Commission. 


jo-Ft.  Roadway. 

a4-Ft.  Roadway. 

'K?' 

Depth 
Slab.  In. 

Thick- 
ness 
Abut- 
ment 

Slab.  In. 

Concrete,  Cu.  Yd. 

Rdnforc- 

inff  Steel. 

Lb. 

S^n. 

Depth 
Slab.  In. 

Thick- 
ness 
Abut- 
ment 
Slab,  In. 

Concrete.  Cu.  Yd. 

Reinfoio 
tn^eel. 

Span. 

Abut- 
ments. 

Span. 

Abut- 
ments. 

8 
12 
16 
22 

8 

loi 

17 

12 
12 

15 
21 

8.8 
14.6 
22.4 
37.9 

33-5 

46.2 
54.3 

1,910 
2,720 
3,540 
5,370 

6 

14 

20 

24 

7 
12 

I5i 

19 

12 
12 
18 
21 

7-1 
20.8 
36.1 
50.9 

30.1 

45-S 

1,590 
3,560 
5,240 
7,360 

Abutment  slab  5  ft.  above  footing  in  6-ft.  span,  6  ft.  above  footing  in  8-ft.  span  and  7  ft.  above 
footing  in  other  spans.     For  deuils  of  a  bridge  with  i6-ft.  span  and  20-ft.  roadway,  see  Fig.  2. 

Details  of  a  standard  concrete  slab  bridge  designed  by  the  Iowa  Highway  Commission  are 
given  in  Fig.  3.  These  bridges  are  designed  with  an  i8-ft.  roadway,  and  with  spans  of  14  ft.  to 
24  ft.  Data  for  the  design  and  quantities  of  concrete  and  steel  are  given  in  Fig.  3.  Three  layers 
of  tar  paper  are  put  between  the  slab  and  the  abutment  to  make  an  expansion  joint. 

Standard  reinforced  concrete  bridges  of  the  Iowa  Highway  Commission  are  designed  for  a 
15-ton  traction  engine  with  two-thirds  of  total  load  on  rear  axle,  or  100  lb.  per  sq.  ft.  of  roadway 
and  sidewalks.  Each  rear  wheel  is  assumed  as  distributed  6  ft.  transversely  and  5  ft.  longitudi- 
nally. For  thin  slabs  on  girders  the  same  wheel  load  is  assumed  as  distributed  4  ft.  transversely 
and  4  ft.  longitudinally.  Allowable  stresses  in  lb.  per  sq.  in.  are:  compression  in  concrete,  600; 
shear  in  concrete,  100  (as  a  measure  of  diagonal  tension);  tension  in  steel  16,000. 

For  design  of  a  slab  bridge  see  Fig.  19. 

Data  for  floor  slabs  designed  by  the  Ohio  State  Highway  Department  are  given  in  Table  HI. 
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TABLE  III. 

TmcKNBss  OF  Concrete  Floor  Slabs,  Used  with  Joists. 
Ohio  State  Highway  Department. 


Weight  of  Concentrated  Load. 


s^. 


zo-Ton  Truck. 


ThickneM. 
In. 


Reinforcing. 


Sq.  Bar. 
In. 


Spacing,  In. 


x5-Ton  Truck. 


Thickness. 
In. 


Reinforcing. 


Sq.  Bar. 
In. 


Spacing,  In. 


90-Ton  Track. 


Thickness. 
In. 


Reinforcing. 


Sq.  Bar.     Spacing. 
In.  In. 


3 

4 

I 

7 
8 

9 

lO 

II 

12 

\t 

i8 

20 


I* 

6J 
7 

8 
8i 


5: 

S': 
71 

h 

6 

i! 

7 


I3i 


: 

6i 

5: 

: 

5 

• 

61 

6J 

7 

8 
"81 

lO 

iii 
i2| 
13* 
i4i 


Floor  covering  65  lb.  per  sq.  ft.  Reinforcement  lower  side.  Center  of  reinforcing  i  in.  from 
face  of  slab.  Impact  i6}  per  cent.  Allowable  tension  in  steel  16,000  lb.  per  sq.  in.  Compression 
in  concrete  750  lb.  per  sq.  in. 


T-BEAM  BRIDGES. — Details  of  a  reinforced  concrete  T-beam  bridge  with  a  30-ft.  span, 
as  designed  by  the  Ohio  State  Highway  Department  are  given  in  Fig.  4.  Data  are  given  for  i6-ft. 
and  20-ft.  roadways.    Tar  felt  is  used  for  expansion  joints. 

Details  of  a  reinforced  concrete  T-beam  bridge,  with  28-ft.  span  and  i8-ft.  roadway  as  de- 
signed by  the  Michigan  State  Highway  Department  are  given  in  Fig.  5.  This  bridge  is  designed 
to  carry  an  18-ton  road-roller. 

Data  and  quantities  for  reinforced  concrete  T-beam  bridges  designed  by  the  Massachusetts 
Highway  Commission  are  given  in  Table  IV. 

The  bridges  were  designed  for  a  20-ton  motor  truck  with  axles  spaced  12  ft.  and  6-ft.  gage, 
with  14  tons  on  rear  axle  and  6  tons  on  front  axle,  and  uniform  load  of  100  lb.  per  sq.  ft.  Bridges 
have  a  clear  roadway  of  23'  6"  and  a  distance  out  to  out  of  27'  8",  with  allowable  stresses  as  given 
in  Report  Joint  Committee,  Am.  Soc.  C.  £.,  1913.  Stirrups  }  in.  sq.  spaced  6  in.  to  8  in.  in  end 
quarters,  and  12  in.  to  18  in.  in  middle  half  were  used  in  beams  lo-ft.  to  28-ft.  span;  stirrups  }  in. 
sq.  spaced  8  in.  to  10  in.  in  end  quarters;  and  16  in.  to  24  in.  in  middle  half  in  beams X)f  34-ft.  to 
40-ft.  span.  One-half  of  horizontal  bars,  or  one-half  of  number  of  horizontal  bars  less  one,  are 
bent-up,  not  more  than  two  bars  being  bent  up  at  one  place.  Points  of  bending  up  are  about 
one-eighth  of  span  apart.  Bent-up  longitudinal  bars  are  anchored  at  the  ends  of  the  beams  by 
means  of  hooks  bent  through  180  degrees. 

Details  of  standard  reinforced  concrete  T-beam  bridges  designed  by  U.  S.  Bureau  of  Public 
Roads  are  given  in  Fig.  6  and  Fig.  7.  The  plans  in  Fig.  6  are  for  spans  from  16  ft.  to  26  ft.,  in- 
clusive, and  a  20-ft.  roadway;  while  plans  in  Fig.  7  are  for  spans  from  28  ft.  to  40  ft.,  inclu- 
sive, and  a  20-ft.  roadway.  Dimensions,  data  and  quantities  for  the  different  spans  are  given  in 
detail.    These  girder  bridges  are  designed  for  a  15-ton  truck,  with  axles  spaced  10  ft.  centers,  and 


Digitized  by 


Google 


350 


DESIGN  OF  REINFORCED  CONCRETE  BRIDGES. 


Chap.  XXI. 


mm 


muiixA 


^^i?i>S5S^ 


1^^^ 


^nmmiiii 


^^^ 

J? 


H^^Wfl^3MIIp^J| 


■■^      -  -    1     "    (     ■t^    --IJ     T«1, 


SS^^J^'^^^^'^ft^'^^ 


i^l  ^  ^  ^  ^  ^  '^  Na  ^  -^  ^  -^  jrl  V: 


^^•4s 


...A  LX^"..A  !■ 


Digitized  by  VjOOQIC 


REINFORCED  CONCRETE  T-BEAM  BRIDGE. 


351 


wheeb  spaced  6  ft.  centers.  Two-thirds  of  the  total  load  is  carried  on  the  rear  axle.  An  impact 
allowance  of  30  per  cent  is  provided  for.  Concrete  is  1:2:4  mixture  with  agregate  i  i  in. 
maximum.  Allowable  tension  in  steel  reinforcement,  16,000  lb.  per  sq.  in.;  allowable  compres- 
sion in  concrete,  650  lb.  per  sq.  in.;  allowable  shear  on  concrete,  no  lb.  per  sq.  in.  • 

TABLE  IVa. 
QuAimriBS  in  Concrbtb  Deck  Girdbk  Highway  Bridges.   U.  S.  Bureau  of  Public  Roads. 


Span.  Ft. 

x6-Fc.  Roadway. 

x8-Ft.  Roadway. 

ao-Ft.  Roadway. 

34-Ft.  Roadway.         1 

Concrete, 

Concrete, 

Concrete, 

Concrete, 

Cu.  Yd. 

Steel,  Lb. 

Cu.  Yd. 

Steel,  Lb. 

Cu.  Yd. 

Steel,  Lb. 

Cu.Yd. 

Steel.  Lb. 

16 

16.0 

2,820 

15-3 

3,160 

16.5 

l^ 

19.2 

3,980 

18 

3,130 

17.7 

3,520 

19.0 

22.2 

4,430 

20 

17.8 

3,770 

19.3 

4,330 

21.2 

4,760 

24.2 

5,470 

22 

20.1 

4,100 

21.8 

4,690 

23.3 

5,140 
6,230 

27.4 
29.6 

5,930 

S 

22.3 

4,460 

23.6 

5,710 

257 

7,220 

23.8 

5,260 

257 

6,140 

28.0 

6,670 

32.4 

7,770 

28 

29.1 

5,870 

30.2 

7,070 

32.8 

7440 

377 

8,940 

30 

32.6 

6,260 

341 

7,570 

36.9 

7,980 

42.5 

9,580 

3» 

34.6 

7,560 

38.1 

8,100 

41.2 

8,500 

47.6 

10,240 

It 

38.3 

8,100 

42-5 

8,580 

43.5 

10,180 

53.0 

10,850 

42.2 

8,550 

45.5 

10,300 

47.9 

10,770 

56.6 

13,040 

38 

46^ 

9,070 

50.1 

10,910 

52.8 

11,420 

62.5 

13,810 

40 

50.8 

9,540 

55.0 

11,520 

57.8 

12,030 

68.6 

14,600 

TABLE  IV. 

Data  and  Quantities,  for  Reinforced  Concrete  T-Beam  Bridges. 

Massachusetts  Highway  Commission. 

Roadway  23  ft.  6  in.     Designed  for  20-ton  Motor  Truck. 


JPs^ 

Reinforcement. 

C.  to  C. 

T-Beam 

Width, 

Depth 

Rein- 

T' 

Number 
T-Beams. 

T-Bean», 
In. 

Below 

Floor 

Slab,  In. 

T-Bcam, 
In. 

Floor 
Slab,  In. 

T-Beam  Sq.  Bars. 

Slab,  Sq.  Ban. 

Concrete. 
Cu.  Yd. 

forcing, 
Lb. 

No. 

Siie. 

Si.e. 

Spacing. 

10 

8 

44 

13 

10 

3 

i" 

1// 

6" 

1 1.3 

1,642 

13 

8 

44 

I4i 

10 

3 

I" 

// 

6" 

14.9 

2,330 

18 

8 

44 

18 

10 

3 

■1" 

// 

6" 

21.3 

3,610 

19 

8 

44 

194 

10 

5 

'/ 

6" 

23.0 

3,850 

25 

8 

44 

23 

10 

5 

1" 

6" 

32.1 

5,772 

25 

7 

53 

22 

II 

5 

1   '' 

// 

6" 

33.0 

6,175 

28 

7 

53 

27 

II 

5 

I   // 

// 

6" 

39.5 

6,993 

34 

7 

53 

33 

II 

5 

6 

I   " 

// 

6" 

51.8 

10,760 

34 

6 

64 

32i 
37i 

14 

6 

6 

I   " 

// 

6'' 

55-8 

11,220 

40 

6 

64 

14 

6 

7 

I   " 

// 

6'' 

69.8 

15,875 

♦28 

7 

53 

21 

15 

6 

II 

J/, 

,  // 

6" 

42.4 

8,610 

•34 

7 

53 

26 

15 

6 

10 

I" 

6" 

57.8 

13,070 

♦40 

6 

64 

31 

17 

7 

II 

li" 

,  // 

6" 

73.1 

17,582 

*  Special  Bridges. 

The  U.  S.  Bureau  of  Public  Roads  has  also  prepared  standard  plans  for  the  same  spans  with 
i6-ft.  roadway,  i8-ft.  roadway,  and  24-ft.  roadway.  Quantities  of  concrete  and  reinforcing 
steel  in  concrete  deck  girders  with  i6-ft.,  i8-ft.,  20-ft.,  and  24-ft.  roadway  are  given  in 
Table  IVa.  Deck  concrete  girders  with  i6-ft.  roadway  have  4  beams,  with  i8-ft.  and  20-ft. 
roadway  have  5  beams,  with  24-ft.  roadway  have  6  beams. 
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See fsh/e  forX-- 


5Layers 


Tarhper^^^ 


Sffmjplia/nj 
back  wall "" 


DripBesd 
'\^%"deep  at  outlet 


"^ ":?  f^K  -  -  -  ■ZZ'-(>'fir  kri--  -  -  -X     Genera/  tlotes  &  Iksign  Data 


irams 


Ckar 
Span 

net 


Total 

Length 

Feet 


16 


18 


20 


ff 


24 


26 


IS^-6' 


t-fl^Z 


20'-6'i'-r 


24^  a-}' 


26-6' 


Dimehsiohs  and  QUAnmns 


Dimensims 


22'-6' rr  f-f 


28'-6' y-s"  r-sr  r-KT 


Y 


f-rfifT 


M 


y-fir 


i-r 


r-sr 


Stirrup  Spacing 


5firrup5 
M 


4¥1F 

4^/2" 

TWIF 
/^«/€ 

4$1F 
4§>/f 

15  ens" 


Sfimups 


ze^r 


29^r 


JZ€>8^ 


6  9  8" 


6  9  8" 
ZK^IO" 
698" 


6  9  8" 
2^910" 
69  8" 


Sfimm 
tl2 


JO  9  6"^ 
9  @  HJ" 
9  6" 


U  9  6' 
10  9  /O" 
II 9  0' 


11^ 
12  910* 

ILSX 


I2¥l' 
15910" 
129  6" 


1496 
13910" 
149  6'' 


159  6 
15910" 
159  6" 


Quantities 


Concrete  Steel 
Cuyd.     Lb, 


ie,5 


BO 


'd.l 


E5J 


25.7 


Z8,0 


5SI0 


5880 


4760 


5140 


6Z50 


6670 


Steel  BEtiDim  Table 


BAR5E/&G 


B,F.R.  1918  Specifications ;  typical  15'Ton 

truck  loading;  50%  Impact  aiiowance, 

paving  or  ballast  not  to  exceed  801b  pen 

sq.ft.  ^  steel  in  tension '16  000  lb.  per  $(}.  ft. 

concrete  In  compression '650 lb. per  sq.  in.; 

relnf  concrete  In  shear  '110 lb.  per  sq.ln. 

Concrete  to  be  IM  mixture;  maximum 
size  of  aggregate -1^".    All  reinforcing 


steel  to  be  deformed  bars  (square  twisted 
bars  not  to  be  considered  as  deformed).  Where  splicing  of 
reinforcement  Is  necessary,  bars  are  to  be  lapped  40  diameters. 

Railings  to  suit  local  conditions  to  be  placed  on  curbs  where 
necessary,  and  provision  made  therefore  when  pourlna  curb. 

Curbs,  slab  and  beam'stems  must  be  poured  at  the  same 
time' so  as  to  allow  no  initial  set  to  take  place  between  them. 

ConCRETE  DECK  GIRDER  5EA7f5 
le'-O'toEd-ff'Spans     EO'0%adway 
US  Bureau  of  Public  Roads 


S.  Bureau  of  Public  Roads. 
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The  T-beam  bridge  contains  less  material  than  the  slab  bridge  and  is  especially  adapted  to 
spans  of  from  20  ft.  to  35  ft.  The  T-beam  bridge  has  the  added  advantage  that  the  roadway  can 
be  widened.     It  has  the  disadvantage  that  the  cost  of  construction  is  more  than  for  a  slab  bridge. 

For  the  design  of  a  reinforced  concrete  T-beam  bridge,  see  F^.  22. 

DECK  GIRDERS. — Details  of  standard  reinforced  concrete  deck  girder  bridges  as  designed 
by  the  Iowa  Highway  Commission  are  given  in  Fig.  8.  Data  and  quantities  for  bridges  with 
spans  of  24  ft.  to  40  ft.  and  an  i8-ft.  roadway  are  given  in  the  cut.  The  bridge  is  anchored  to  the 
abutment  at  one  end  and  slides  on  steel  plates  at  the  other  end. 

The  relative  quantities  of  concrete  and  reinforcing  steel  in  deck  and  through  girder  bridges 
as  designed  by  the  Iowa  Highway  Commission  are  given  in  Table  V. 

TABLE  V. 

Comparative  Quantities  for  Through-Girder  and  Dece-Girdbr  Bridges. 

Iowa  Highway  Commission. 

Roadway  18  ft. 


Span,  Fe«t. 

Cu.  Yd.  Concrete. 

Lb.  Reinf.  Steel. 

Through. 

Deck. 

Throui^h. 

Deck. 

2± 

33.5 
37.5 
41.8 

46.5 

68.3 

74-3 

25.6 
28.1 
30.9 
34.3 
36.7 
40.5 

43.5 
46.8 
50.9 

4,520 

g 

6,697 
7,372 
7,972 
8,570 
9,416 

4,065 

till 

pi 

6,945 
7,450 
8,130 

26:::::::::::;::: 

28 

-JO 

-12 

■14. 

36 

38::::::::::::::: 

4.0 

TABLE  VI. 
Data  and  Quantities  for  Through-deck  Girder  Bridges. 

Commission. 
Designed  for  a  15-ton  road  roller. 


Wisconsin  Highway 


S|«. 

Roadway. 

Depth  of  Slab. 

Depth  of  Beam 

Width  of  Beam. 

Concrete. 

Reiafoicing. 

Ft. 

In. 

Below  Slab.  In. 

In. 

Cu.  Yd. 

Lb. 

20 

18 

8 

15 

15 

21.2 

3.580 

30 

18 

8 

21 

15 

31.8 

5,690 

40 

18 

8 

24 

18 

44-0 

9,480 

45 

18 

8 

27 

18 

540 

12,460 

20 

20 

8i 

21 

18 

22.0 

3,720 

30 

20 

8 

21 

18 

35.3 

6,250 

40 

20 

8- 

27 

18 

48.0 

10,100 

45 

20 

8} 

30 

18 

60.5 

12,460 

20 

24 

8 

21 

18 

25.0 

4,580 

30 

24 

8 

21 

18 

39.0 

7,590 

40 

24 

8 

24 

18 

55-0 

12,660 

45 

24 

8 

27 

18 

67.0 

15,860 

The  economy  of  the  deck  girder  type  is  not  as  great  as  indicated  by  the  relative  quantities 
of  concrete  and  steel  for  the  reason  that  the  form  work  is  more  complicated  for  the  deck  than 
for  the  through  girder  bridges. 

Details  of  a  reinforced  concrete  combined  deck  and  through  girder  bridge  with  a  span  of  55 
ft.  and  a  20-ft.  roadway,  as  designed  by  the  Wisconsin  Highway  Commission  are  given  in  Fig.  9. 
Data  and  quantities  for  through-deck  girder  bridges  as  designed   by  the  Wisconsin  Highway 
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TABLE  VII. 
Data  and  Quantities  for  Through  Girder  Bridges. 
Wisconsin  Highway  Commission. 


Span.  Ft. 

Roadway,  Ft. 

Depth  of  Slab. 
In. 

Depth  of 
Girder,  In. 

Width  of 
Girder,  In. 

Concrete, 
Cu.  Yd. 

Reinforcing,  Lb. 

25 

16 

13 

54 

15 

30.5 

4,590 

35 

16 

13 

66 

21 

67.0 

7,780 

40 

16 

13 

72 

24 

9,700 

•   2S 

16 

14 

— 

— 

34-0 

5,210 

'     30 

18 

14 

61 

18 

45.0 

6,860 

35 

18 

14 

69 

21 

59.0 

9,160 

40 

18 

14 

— 

67.0 

9,700 
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Fig.  9.    Reinforced  Concrete  Through-deck  Girder  Bridge. 
Wisconsin  Highway  CoitMissiON. 
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Commission  are  given  in  Table  VI.  This  type  of  bridge  is  very  economical  for  a  wide  roadway. 
A  comparison  of  the  quantities  in  Table  VI  and  Table  VII  shows  that  the  through-deck  type  of 
girder  is  more  economical  than  the  through  girder  bridge. 
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Fig.  10.    Reinforced  Concrete  Through  Girder  Bridge. 
Wisconsin  Highway  Commission. 

THROUGH  GIRDER  BRIDGES.— Details  of  a  reinforced  concrete  through  girder  bridge 
as  designed  by  the  Wisconsin  Highway  Commission  are  given  in  Fig.  lo. 

Details  of  a  reinforced  concrete  through  girder  bridge  as  designed  by  the  Michigan  State 
Highway  Department  are  given  in  Fig.  ii. 

The  surface  of  the  concrete  on  the  roadway  is  covered  with  a  bituminous  coating  as  described 
in  the  cut. 


Digitized  by  VjOOQ IC 


REINFORCED  CONCRETE  THROUGH  GIRDER  BRIDGE. 


357 


1 

ii 

1 

^ 

t 

i 

1 

ED 

^ 

J 

^ 

Wi 

^ 

5; 

^ 

^ 

^ 

^ 

^ 

1 

5 

^ 

s; 

'?^ 

= 

^ 

^ 

^ 

lb 

sea 

k 

1 

1 

< 

* 

* 

t 

■» 

^ 

■ft 

<o 

*^ 

4^ 

u. 

«^ 

^ 

-^ 

i^ — 


.1 


-IN? 


Digitized  by 


Google 


358 


DESIGN  OF   REINFORCED   CONCRETE  BRIDGES. 


Chap.  XXI. 


^M1 


v4 


1 

»J:'-;?5=4;5S***'ai 

^ 

*^%%&j?a3;^^ 

1 

c»<ff<!'"P-o-«"<»*.«i 

Digitized  by  LjV^\^V  Iv 


THROUGH  GIRDER  BRIDGES. 


359 


Details  of  a  reinforced  concrete  through  girder  bridge  with  a  span  of  65  ft.  and  a  20  ft.  road- 
way designed  by  the  Illinois  Highway  Commission  are  given  in  Fig.  12.  Data  and  quantities 
for  through  girder  spans  varjdng  from  30  ft.  to  65  ft.,  and  for  i6-ft.,  i8-ft.  and  20-ft.  roadways 
are  given  in  Table  VIII. 

TABLE  VIII. 

Data  and  Quantities  for  Through  Girder  Bridges. 
Illinois  Highway  Commission. 


Span,  Ft. 

Roadway,  Ft. 

Depth  of  Slab 
at  Center,  In. 

Depth  of  Girder. 
In. 

Width  of  Girder, 
In. 

Concrete. 
Cu.  Yd. 

Reinforcing. 
Lb. 

30 

16 

^3, 

58 

16 

34.6 

7,270 

30 

18 

IS* 

59 

16 

39.6 

8,560 

30 

20 

60 

16 

45.1 

9,990 

35 

16 

13 

58 

16 

39.8 

9,180 

15 

18 

Hi 

60 

16 

45-9 

10,640 

35 

20 

16 

f7 

16 

53.9 

12,050 

40 

16 

^^ 

60 

17 

47.1 

11,130 

40 

18 

\i' 

66 

17 

55-4 

12,940 

40 

20 

60 

21 

65.4 

15,820 

45 

16 

13 

59 

21 

57.8 

14,430 

45 

18 

I4§ 

66 

21 

68.3 

16,210 

45 

20 

16 

^ 

22 

78.9 

18,720 

50 

16 

^3, 

66 

21 

67.9 

16,910 

50 

18 

If 

72 

21 

78.5 

18,980 

50 

20 

76 

22 

91.3 

21,850 

55 

16 

^3, 

72 

21 

77.7 

19,740 
24,060 
26,810 

55 

18 

\f 

72 

26 

96.5 

55 

20 

78 

26 

110.4 
97.6 

60 

16 

'3, 

74 

26 

24,340 

60 

18 

I4i 

80 

26 

111.5 

27,520 

60 

20 

16 

79 

31 

133-5 

33,100 

f5 

16 

^3, 

79 

H 

123.8 

29,810 

65 

18 

Hi 

79 

36 

147.3 
164.0 

35,790 

65 

20 

^6 

84 

36 

39,230 

2  cast  rocken 

\  weigh  328  lb. 

for  30-ft.  span  and  1,130  lb.  for  65-ft.  span 

.    4  steel  plat 

es  weigh  163  lb. 

for  a  30-f 

t.  span  and  43 

1  lb.  for  65-ft.  span. 

In  the  test  of  a  reinforced  concrete  through  girder  bridge  with  40-ft.  span  and  i8-ft.  roadway, 
made  by  the  Illinois  Highway  Commission,  Proceedings  American  Society  for  Testing  Materials, 
Vol.  XIII,  pp  884-  922,  the  stress  measurements  indicated  that  points  of  contraflexure  occurred 
at  points  15  in.  from  the  side  of  the  girder,  the  girder  slab  acting  as  a  simple  beam  15.5  ft.  long. 
The  Iowa  Highway  G>mmission  assumes  that  the  point  of  contraflexure  is  i  ft.  inside  the  girders. 
Oa  the  basb  of  economy  the  through  girder  type  of  bridge  is  limited  to  a  roadway  of  about  20  ft. 

For  details  of  the  design  of  a  through  reinforced  concrete  girder  bridge  see  Fig.  25. 

The  expansion  ends  of  all  through  girder  bridges  designed  by  the  Illinois  Highway  Commission 
rest  on  cast  iron  rockers  that  bear  on  steel  plates.  The  following  discussion  of  expansion  of  girder 
bridges  is  taken  from  the  Fourth  report  of  the  Commission. 

"Two  methods  of  providing  for  expansion  in  girder  bridges  have  been  used  and  both  have 
proved  satisfactory.  In  one  method,  the  wing  walls  of  one  abutment  are  entirely  separated 
trom  the  abutment  wall  proper,  the  latter  being  free  to  move  at  the  top  with  the  expansion  or 
contraction  of  the  superstructure.  The  wing  walls  are  desiened  to  be  self-supporting.  As 
girder  spans  designed  bv  the  commission  have  so  far  been  limited  to  60  feet,  the  amount  of  move- 
ment either  way  trom  the  normal  is  small  and  is  taksa  up  by  deflection  of  the  main  wall  or  a  slight 
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rocking  of  the  wall  on  the  footing.  Earth  pressure  against  the  wall  is  of  little  importance  in  this 
connection  as  it  but  tends  to  reduce  the  tension  in  the  girder  steel  during  expansion  and  to  cause 
the  abutment  wall  to  follow  the  superstructure  during  contraction.  It  does  not  increase  the  stress 
in  the  compression  area  of  the  girder  as  the  load  is  applied  at  the  bottom  of  the  girder  tending 
by  this  eccentricity  of  application  to  reverse  the  dead  and  live  load  stresses  in  the  girder. 

"This  method  has  been  found  to  be  entirely  successful,  but  is  somewhat  objectionable  as  a 
slight  movement  of  the  wings  due  to  earth  pressure  and  unequal  settlement  sometimes  causes  the 
wing  walls  to  move  forward  slightly  at  the  top,  making  a  somewhat  unsightly  off-set  between  the 
wing  and  abutment  walls.  This  has  never  been  more  than  2  or  3  inches  for  the  highest  walls, 
but  as  it  is  not  understood  by  the  ordinary  observer,  an  impression  of  weakness  is  sometimes 
caused. 

"The  present  method  of  providing  for  expansion  is  to  design  the  abutments  and  wings  in  the 
ordinary  way,  separating  the  superstructure  completely  from  one  of  the  abutments  by  a  thick 
paper  joint  and  supporting  each  girder  at  the  free  end  on  a  single  cast  iron  rocker  of  large  diameter. 
The  reaction  is  transmitt^  to  the  girder  and  abutment  from  the  rocker  throup^h  planed  structural 
steel  plates  stiffened  with  I  beams  when  necessary.  The  rocker  surfaces  m  contact  with  the 
bearing  plates  are  turned  to  insure  perfect  bearing  on  the  plates.  The  diameter  of  the  rocker  b 
made  proportional  to  the  load  imposed  per  lineal  inch,  in  the  same  manner  as  is  commonly  used 
in  proportioning  roller  nests  for  steel  bridges.  The  upper  and  lower  plates  are  bedded  in  the 
concrete  of  the  superstructure  and  abutment.  The  rocker  is  located  m  a  pocket  built  in  the 
abutment.  This  pocket  is  filled  with  a  soft  asphalt  to  prevent  the  entrance  of  water  or  dirt  and 
to  protect  the  metal  from  corrosion. 

"The  rocker  method  of  providing  for  expansion  has  proved  very  satisfactory,  and  is  but 
little  more  expensive  than  the  other  method,  especially  when  it  is  considered  that  the  wings  may 
be  tied  to  the  main  wall  when  rockers  are  used,  and  advantage  taken  of  the  mutual  support  thus 
obtained."    Fig.  12  shows  how  the  rockers  are  arranged  at  the  free  end  of  the  girders. 

EXPANSION  ROCE£RS.^The  Illinois  Highway  Commission  requires  that  all  reinforced 
concrete  through  or  deck  girder  bridges  designed  as  unconstrained  structures  shall  be  provided 
with  cast-iron  expansion  rockers  at  one  end  of  each  span.  The  rockers  to  have  a  thickness  not 
less  than  2}  in.  for  spans  of  45  ft.  and  less,  and  not  less  than  3  in.  for  spans  over  45  ft.,  but  in  no 
case  shall  the  unit  compressive  stress  exceed  9,000  —  40//r  lb.  per  sq.  in.  Rockers  to  have  bearing 
surfaces  turned  to  uniform  radius  and  smooth  surface,  and  have  2-in.  holes  to  facilitate  handling. 
Bearing  plates  to  be  steel  plates  not  less  than  i  in.  thick  with  planed  bearing  surfaces.  Rocker 
pockets  are  made  2  in.  longer  than  rockers.  The  top  of  the  rocker  is  placed  }  in.  above  surface 
of  concrete.  The  rockers  are  blocked  up  by  means  of  sticks  with  cross-section  of  one  inch,  and 
the  pocket  is  filled  with  asphalt.  The  top  plate  is  then  blocked  up  with  sticks  during  the  pouring 
of  the  girder.    The  space  between  girder  and  abutment  is  filled  with  bituminous  felt. 

The  Minnesota  Highway  Commission  has  the  same  specifications  for  expansion  rockers. 
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Segmenkd  Roller  Bearings  for  Concrete  Girders. — ^The  segmental  roller  bearings  for  concrete 
girders  shown  in  Fig.  12a  were  designed  by  Mr.  C.  V.  Dewart  for  the  Michigan  State  Highway 
Department.  The  bearing  consists  of  a  hollow  casting  containing  in  a  medium  of  heavy  oil  the 
segmental  rollers  which  fit  into  the  girder  shoe.  The  pier  is  first  poured  up  to  the  under  side  of 
the  coping,  and  in  this  run  it  is  necessary  to  place  the  locating  bars.  In  placing  these  bars  the 
pedestal  plate  may  be  used  as  a  template.  The  tumbuckles  are  then  placed  on  top  of  the  locating 
bars  and  the  pedestal  castings  on  top  of  the  turnbuckles,  and  leveled  up  by  means  of  the  turn- 
buckles.  The  vertical  castings  are  held  in  place  by  means  of  temporary  wooden  struts.  The 
open  joint  between  the  ends  of  the  girders  is  protected  with  an  expansion  plate. 

OVERFLOW  BRIDGES. — In  many  localities  in  the  west  and  southwest,  streams  which  at 
flood  carry  a  large  volume  of  water  are  entirely  dry  or  have  a  very  small  flow  except  for  the  occa- 
sonal  flood  flow.  In  many  cases  the  building  of  a  permanent  bridge  with  a  waterway  sufficiently 
large  to  carry  the  flood  flow  is  not  possible  on  account  of  the  cost.  The  overflow  bridge  must 
be  so  designed  as  to  carry  the  normal  flow,  and  at  the  same  time  withstand  the  action  of  the  heavy 
current,  and  not  lodge  drift;  and  that  when  the  flood  has  subsided  will  leave  the  roadway  free 
from  flood  deposit.    Two  types  of  overflow  bridges  are  used. 
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Fig.  13.    Standard  Concrete  Dip.    U.  S.  Bureau  of  Public  Roads. 

I.  Concrete  Dip. — ^Where  there  is  no  flow  or  a  small  flow,  except  at  flood,  the  roadway  is 
depressed  to  make  a  channel  for  flood  flow,  the  embankment  is  paved  with  concrete  on  each  side 
to  prevent  erosion,  and  a  small  flow  culvert  is  placed  at  the  lowest  point  of  the  channel.  The 
grade  of  the  road  descending  into  the  channel  and  ascending  should  not  exceed  5  per  cent.  Details 
of  a  standard  "Concrete  Dip"  as  designed  by  the  U.  S.  Bureau  of  Public  Roads  are  given  in 
Fig.  13. 
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2.  Overflow  Bridge. — ^Where  it  is  desirable  to  take  care  of  normal  storms  the  waterway  is 
provided  by  means  of  several  culverts,  and  the  remainder  of  the  bridge  consists  of  fill  between 
reinforced  concrete  walls.  The  railing  should  be  of  a  type  that  will  not  hold  the  drift  and  will 
pass  the  flood  flow  freely.  Details  of  a  standard  reinforced  concrete  overflow  bridge  as  designed 
by  the  U.  S.  Bureau  of  Public  Roads,  are  given  in  Fig.  14.  The  rail  on  top  of  the  curb  is  made  so 
that  it  will  wash  away  in  flood,  and  will  not  collect  drift.  The  openings  in  the  curb  will  produce 
an  increased  velocity  of  the  water  over  the  top  of  the  bridge  floor  that  will  keep  the  surface  clear 
of  silt. 
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Fig.  15.    Concrete  Overflow  Bridge,  Bexar  County,  Texas. 


The  low  water  bridge  shown  in  Fig.  15  was  built  in  Bexar  County,  Texas.  The  bridge 
consists  of  a  reinforced  concrete  slab  bridge  resting  on  concrete  piers,  and  a  filled  portion  between 
concrete  retaining  walls.  The  total  length  of  the  bridge  is  252  ft.  In  19 15  the  cost  was  $21.70  per 
lineal  foot  of  bridge.  For  rock  footings  the  foundations  are  carried  12  in.,  into  rock  and  are  an- 
chored with  fish  bolts.  The  foundations  on  clay  and  gravel  are  made  of  a  continuous  slab  foot- 
ing, and  at  the  upstream  and  down  stream  edges  the  wall  extends  four  feet  below  the  footing  slab. 
Fill  is  placed  between  the  retaining  walls,  and  the  roadway  is  paved  with  concrete. 

The  curbing  is  12"  wide  and  12"  high,  and  has  openings  at  intervals.  These  openings  cause 
a  current  that  cleans  the  roadway  of  silt.    There  is  no  rail. 

COniinuOUS  GIRDERS.— A  continuous  reinforced  concrete  girder  bridge  of  three  spans 
is  shown  in  Fig.  16.    The  roadway  for  a  single  track  electric  railway  is  laid  on  ballast  carried  on 
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the  reinforced  concrete  floor.  The  structure  is  reinforced  as  shown  in  the  cut.  There  is  no 
expansion  joint  in  the  structure.  The  left  hand  abutment  and  the  piers  rest  on  solid  rock,  the 
right  hand  abutment  rests  on  clay. 
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Fig.  1 6.    Continuous  Reinforced  Concrete  Girder  Bridge. 

Continuous  reinforced  concrete  bridges  require  heavier  foundations  than  for  bridges  with 
simple  spans,  if  settlement  is  to  be  prevented.  The  shear  near  the  piers  over  which  the  girder  is 
continuous  is  greater  than  at  the  ends  of  simple  girders,  and  there  is  no  economy  in  continuous 
reinforced  concrete  girders  over  simple  span  reinforced  concrete  girders.  Continuous  reinforced 
concrete  girders  usually  require  more  material,  and  more  careful  workmanship,  than  simple  span 
reinforced  concrete  girders  and  are  not  to  be  recommended  for  highway  bridges. 

CANTILEVER  REINFORCED  CONCRETE  GIRDERS.— The  Colfax-Larimer  reinforced 
concrete  viaduct  shown  in  Fig.  17,  was  designed  as  a  cantilever  bridge.  This  design  was  worked 
out  by  the  designing  engineer,  Mr.  H.  S.  Crocker,  M.  Am.  Soc.  C.  E.,  to  obviate  the  difficulties 
incident  to  the  construction  of  a  continuous  structure  and  at  the  same  time  obtain  a  more  econom- 
ical structure  than  could  be  obtained  with  simple  spans.  The  spans  vary  from  40  ft.  to  50  ft. 
The  suspended  span  has  a  span  length  equal  to  one-half  the  total  span  length.  All  columns  are 
supported  on  independent  footings.  The  main  viaduct  carries  a  roadway  and  electric  tracks,  each 
of  which  is  carried  on  a  viaduct  with  four  columns  in  each  tower,  making  four  columns  in  line  in 
a  transverse  direction.  The  roadway  floor  slab  and  electric  railway  floor  slab  are  connected  by 
a  slab  free  to  move  at  the  ends  parallel  to  the  roadway.  A  very  unusual  rain  occurred  during  con- 
struction and  several  columns  near  the  west  end  settled  several  inches,  without  causing  any  serious 
ciiacks  or  injuring  the  structure.  These  columns  were  easily  jacked  back  into  place.  The  same 
settlement  with  a  continuous  bridge  would  have  wrecked  the  structure.  Details  of  the  suspensioQ 
link  are  shown  in  Fig.  17.  The  cantilever  reinforced  concrete  bridge  is  especially  suitable  for 
viaducts. 
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Fig.  17.    Reinforced  Concrete  Cantilever  Bridge.    Colfax-Larimer  Viaduct,  Denver, 

Colorado. 
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Fig.  17a.    Cantilever  Arch  Bridge.    Hanover  Street  Bridge,  Baltimore,  Md. 
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The  cantilever  arch  bridge  shown  in  Fig.  17a  was  designed  to  give  the  artistic  effect  of  an  arch 
structure  and  the  economy  of  a  cantilever  structure.  The  cantilever  reinforcement  carries  the 
dead  load,  while  the  live  load  is  divided  between  the  steel  and  the  concrete.  This  bridge  is  de- 
scribed in  Engineering  News,  March  20,  19 17. 

REINFORCED  CONCRETE  TRESTLE  BRIDGES.— Standard  plans  for  reinforced  con- 
crete trestle  highway  bridges  designed  by  the  U.  S.  Bureau  of  Public  Roads  are  given  in  Fig.  18. 
The  bents  are  composed  of  four  reinforced  concrete  piles  with  a  reinforced  concrete  cap.  The 
bents  are  spaced  from  14  ft.  to  22  ft.  centers,  or  12  ft.  to  20  ft.  in  clear.  The  bridges  are  designed 
for  a  15-ton  truck  with  axles  spaced  10  ft.  centers,  and  wheels  with  6  ft.  gage.  Two-thirds  of  the 
load  is  to  be  carried  on  the  rear  axle.  With  ballast  of  8  in.  or  less  each  wheel,  is  assumed  as 
uniformly  distributed  over  5  feet  square.  An  allowance  of  30  per  cent  is  made  for  impact.  Con- 
crete for  slabs,  caps  and  piles  is  to  be  i  :  2  :  4  mix  with  aggregate  not  more  than  i  in.  in  diameter. 
Allowable  stress  on  steel  reinforcement  is  16,000  lb.  per  sq.  in.  Allowable  compression  in  con- 
crete is  600  lb.  per  sq.  in. 

Reinforced  concrete  precast  piles  are  made  with  an  average  diameter  of  not  less  than  12  in. 
and  the  diameter  at  the  point  not  less  than  8  in.  The  length  shall  not  exceed  30  times  the  average 
diameter  for  piles  driven  through  firm  soil,  or  15  times  the  average  diameter  for  piles  driven  to 
rock  through  loose,  wet  soil  or  filled  ground.  When  piles  are  not  supported  they  are  designed  as 
columns.  Piles  shall  be  loaded  as  determined  by  formula  or  by  tests,  but  not  to  exceed  a  maximum 
of  300  lb.  per  sq.  in.  on  the  smallest  section,  or  30  tons  per  pile  as  a  maximum.  For  arches, 
continuous  spans  and  high  abutments  the  load  shall  not  exceed  25  tons  per  pile.  Reinforcing: 
steel  shall  be  rigidly  fastened  in  place  before  casting.  Centers  of  main  reinforcing  bars  shall  not 
be  nearer  the  surface  of  the  concrete  than  2}  inches.  The  concrete  shall  be  placed  continuously. 
Forms  shall  be  straight  and  true,  shall  be  water-tight,  and  shall  not  be  removed  within  24  hours 
after  the  concrete  is  placed.  All  exposed  surface  of  piles  shall  be  given  a  rubbed  surface.  Piles 
shall  be  cured  at  least  40  days  with  a  temperature  of  not  less  than  40°  F.,  or  30  days  with  a  tempera- 
ture of  not  less  than  60^  F.  Piles  shall  be  at  least  30  days  old  when  driven.  When  concrete  piles 
are  lifted  or  moved  they  shall  be  supported  at  the  quarter  points,  and  they  shall  be  so  designed  that 
the  unit  stress  produced  by  handling  shall  not  exceed  650  lb.  per  sq.  in.  in  compression  or  16,000 
lb.  per  sq.  in.  in  the  steel  reinforcement. 

Piles  shall  be  driven  with  drop  hammers  weighing  not  less  than  the  weight  of  the  pile,  or 
with  steam  hammers  weighing  not  less  than  two-thirds  the  weight  of  the  pile.  The  tops  of  piles 
shall  be  protected  by  cushions  of  wood  or  rope.  The  safe  load  shall  be  determined  by  the  Engineer- 
ing News  formula  where  s  is  the  average  penetration  for  the  last  5  blows  with  a  drop  hammer  or 
last  30  blows  with  a  steam  hammer.    See  specifications  in  Appendix  II. 

DESIGN  OF  IffilNFORCED  CONCRETE  BRIDGES.— Detail  designs  are  given  for  (i)  a 
slab  bridge,  (2)  a  T-beam  bridge,  and  (3)  a  through  girder  bridge.  The  designs  follow  the  speci- 
fications in  Appendix  II.    All  references  are  to  formulas  in  Chapter  XVIII. 

Design  of  a  13-FT.  Span  Reinforced  Concrete  Slab-Bridge. 

1.  0«iiend  Description  of  Bridge. — ^This  bridge  consists  of  a  reinforced  concrete  floor  slab 
supported  at  each  end  on  the  abutments,  with  reinforced  concrete  railing  on  each  side  of  the  road- 
way. The  railing  is  not  considered  as  assisting  in  carrying  the  load.  The  ends  of  the  slab  will  be 
so  supported  that  expansion  and  contraction  will  cause  only  nominal  stresses  in  the  slab  and  no 
negative  moment  will  be  produced.  A  wearing  surface  weighing  30  lb.  per  sq.  ft.  of  roadway  will 
be  provided. 

2.  LOADS.  Dead  Load. — ^The  dead  load  consists  of  the  weight  of  the  floor  slab  at  150  lb. 
per  cu.  ft.  and  the  wearing  surface.  The  railing  will  be  made  self  supporting  so  need  not  be 
carried  by  the  slab. 
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live  Loftd. — ^This  bridge  will  be  designed  for  Class  Di  loading,  given  in  the  spedficatiooa, 
which  provides  for  a  20-ton  concentrated  load  on  two  axles  12  feet  apart  or  a  uniform  live  load 
of  125  lb.  per  sq.  ft.  of  roadway. 

Impact — ^An  allowance  of  30  per  cent  of  the  live  load  stresses  will  be  made  for  impact. 

Wind  Load. — ^The  wind  load  need  not  be  considered  in  this  type  of  structure. 

3.  Dimensions.— Span,  15'  o"  center  to  center  of  end  bearings;  width  of  roadway,  20'  0"; 
width  of  railing,  10";  height  of  railing,  4'  o"  above  top  of  the  slab. 

4.  DESIGN  OF  THB  SLAB.— In  the  design  of  the  slab  one  wheel  load  will  be  considered 
as  distributed  on  a  line  parallel  to  the  abutments  and  having  a  length  as  given  the  formula 

ciL+c 
with  a  maximum  of  six  feet,  where 

e  »  effective  width  of  distribution  of  load,  in  feet. 
L  ">  span  in  feet. 
c  a  width  of  wheel  in  feet. 

For  L  »  15,  0  »  }  X  15  +  1.67  "  11.67  ft.  so  the  maximum  of  six  feet  controls. 

The  rear  wheel  load  per  foot  of  width  is  Pr  «  14,000  -^  6  «  2,330,  and  adding  30  per  cent 
impact  Pr  "•  2,330  X  1.30  »-  3,030  lb.  For  the  front  wheel  the  load  per  foot  of  width  is 
Pf  «-  6,000  +  6  —  1,000  lb.  and  adding  30  per  cent  for  impact  P/  —  1,300  lb. 

The  maximum  live  load  bending  moment  will  occur  when  the  rear  wheel  is  at  mid-span. 

The  live  load  moment  per  foot  of  width  for  Pr  at  the  center  of  the  span  is 

Ml^  \X  3,030  X  15  -  11,400  ft.-lb. 
The  live  load  bending  moment  per  foot  of  width  for  the  uniform  load  is 

Ml"  iw-/*  =  i  X  (1.30  X  125)  X  15*  -  4,570  ft.-lb. 
The  first  case  gives  the  maximum  of  Ml  '  11 400  ft.-lb.    The  maximum  Hve  load  shear  oocun 
at  the  right  end  when  Pr  is  just  over  the  right  support,  and  is 

^^  _  (P,  +  f,^)X  11.4.4.330  X11.4.  3^3^  lb. 

The  dead  load  moment  per  ft.  of  width  assuming  a  15  in.  slab,  weight  i8d  lb.  per  sq.  ft.,  and  con- 
sidering the  wearing  surface  is 

JI^D  =  i  X  218  X  15*  -  6,140  ft..lb. 
The  dead  load  shear  per  ft.  of  width  assuming  a  15  in.  slab  is 

--        218  X  15         ^      iu 
Vd ^^—^  -  1,640  lb. 

The  total  bending  moment  is 

M  -  11,400  -f  6,140  -  17,540  ft.-lb.  =■  211,000  in.-!b. 
The  total  shear  is 

V  =  3,290  +  1,640  -  4,930  lb. 

For  the  unit  stresses  given  in  the  specifications,  the  required  depth  to  the  center  of  the  steel  b 


d  -  0.0965 -^y  -  0.0965^^"^'^  -  12.75  in. 


(6c) 


Adding  1}  in.  below  the  center  of  the  steel,  the  total  thickness  is  12.75  +  1.75  ""  14-50  in.  A 
total  thickness  of  14}  in.  will  be  used,  making  d  »  12.75,  provided  this  thickness  is  satisfactory 
for  shear.  The  area  of  steel  per  foot  of  width  required  to  develop  this  slab  is  (From  Fig.  2, 
Chap.  XVIII,  for /a  «  16,000  lb.  and/c  -  650  lb.,  p  =  0.0077.) 

A  -  0.0077 •6«if  -  0.0077  X  12  X  12.75  -  1.18  sq.  in. 


Digitized  by 


Google 


DESIGN  OF  SLAB  BRIDGE- 


369 


Digitized  by 


Google 


370  DESIGN  OF   REINFORCED  CONCRETE  BRIDGES.  Chap.  XXI. 

for  the  unit  stresses  given  in  the  specifications.     Bars  i-in.  square  spaced  6  in.  c.  to  c.  provide 
an  area  of  1.13  sq.  in.  per  ft.  width,  and  will  be  used  for  the  reinforcement  perpendicular  to  the 
abutments,  and  }-in.  square  bars  12  in.  c.  toe.  will  be  used  parallel  to  the  abutments.     (The  area 
of  bars  |-in.  square  spaced  6  in.  c.  to  c.  is  slightly  under  but  these  bars  will  be  used.) 
The  maximum  unit  shear  is 

requiring  no  shear  reinforcement,  but  some  will  be  provided  to  increase  the  reliability  of  the 
structure. 

The  maximum  unit  bond  stress  considering  one-fourth  of  the  bars  as  bent  up  is  (67) 

^- -  Z^  -  ^'Sfj^  ■ ''5  ><  ,j:^^2^  -  99  lb.  per  sq.  in. 

One-half  of  the  bars  will  be  bent  up  but  half  of  these  bars  will  be  efifective  for  bond  as  may  be 
seen  from  Fig.  19. 

5.  Detail  Drawings. — ^The  detail  drawings  for  this  bridge  are  shown  in  Fig.  19. 

Design  of  a  28-Ft.  Concrete  T-Beam  Span. 

1.  General  Description  of  Bridge. — ^This  bridge  is  to  have  a  dear  span  of  28'  o".  It  will 
consist  of  a  reinforced  concrete  slab  supported  on  several  reinforced  concrete  beams  running 
between  the  abutments.    A  wearing  suriace  weighing  30  lb.  per  sq.  ft.  will  be  provided. 

2.  LOAD.  Dead  Load. — ^The  dead  load  consists  of  the  weight  of  the  structure  considering 
reinforced  concrete  to  weigh  150  lb.  per  cu.  ft. ;  and  the  wearing  suriace  weighing  30  lb.  per  sq.  ft. 

LiTe  Load. — This  bridge  will  be  designed  for  Class  Di  loading,  given  in  the  spedficationSp 
which  provides  for  a  15-ton  auto  truck  with  axles  spaced  10  ft.  c.  to  c.  and  wheels  spaced  6  ft. 
c.  to  c,  the  width  of  rear  tires  being  15  in.;  or  a  uniform  live  load  of  100  lb.  per  sq.  ft.  of 
roadway. 

Lnpact — ^An  allowance  of  30  per  cent  of  the  live  load  will  be  made  for  impact  on  the  slabs 
and  beams. 

3.  Dimensions. — Span,  dear  28'  o'\  c.  to  c.  supports  about  30'  o".  Width  of  roadway, 
16'  o",  c.  to  c.  outside  beams  about  17'  o". 

Three  intermediate  and  two  outside  beams  will  be  used,  making  the  spacing  about  4'  3''. 

4.  DBSIGN  OP  SLAB.— The  slab  will  be  reinforced  on  top  and  bottom  and  will  be  assumed 
as  continuous.    The  rear  wheels  of  the  auto  truck  will  determine  the  section. 

The  effective  width  of  the  slab  for  moment  is 

if  =  i(/  +  c)  =  J(4.25  +  1.25)  -  3.00  ft. 

where  e  «  efifective  width  of  distribution  of  load  in  feet. 

/  "■  span  in  feet  »  4.25  ft. 

c  "•  width  of  tire  =•  15  in.  =  1.25  ft. 
The  wheel  load  per  foot  width  of  slab  is  ,  • 

P  -  1.30  X  10,000  4-  3.00  ■«  4,330  lb. 

Since  the  slab  is  to  be  reinforced  on  top  and  bottom  it  may  be  considered  as  oontinuoos  and 
the  bending  moment  taken  as  }  the  moment  for  a  simply  supported  slab.  The  live  load  moment 
per  foot  of  width  is  M^  =  f(i  X  4,3J0  X  J  X^  -  §  X  4,33©  X  §  X  0.625)  =  1,710  ft.-Ib. 
Assume  a  5}  m.  slab  and  a  wearing  suriace  of  30  lb.  per  sq.  ft.  The  dead  load  moment  per  foot  of 
width  is 

Md^  \{^'P)  -  A(6p  +  30)3*  =  74  ft..lb. 
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The  total  bending  moment  at  the  center  and  over  the  beams  is 

M  -  1,710  H-  74  -  1,784  ft.-Ib.  -  21,408  in.-Ib. 
per  foot  of  width. 

For  the  unit  stresses  given  in  the  specifications  the  required  depth  to  the  center  of  the  steel  is 

J         r^        I    21,408  ,  .  ,^.. 

A  slab  with  a  total  thickness  of  5}  in.  will  be  used  placing  the  steel  on  top  and  bottom  i  in. 
from  the  surface,  making  d  ^  4.25  in.,  providing  this  slab  will  be  sufficient  for  shear.  The  area 
of  steel  per  foot  width  required  to  develop  this  slab  is 

A  =  0.0077  6-d  =  0.0077  X  12  X  4-25  =  0-393  sq-  in- 

for  the  unit  stresses  given  in  the  specifications.  Bars  }  in.  square  spaced  7}  in.  c.  to  c.  provide 
an  area  of  0.40  sq.  in.  and  will  be  used  if  satisfactory  for  bond  stress.  Bars  {  in.  square  spaced 
about  12  in.  c.  to  c.  will  be  placed  near  the  top  and  bottom  of  the  slab  and  running  parallel  to  the 
beams.  This  reinforcement  is  to  assist  in  distributing  the  loads  and  to  provide  for  temperature 
changes. 

The  effective  width  for  shear  is  taken  equal  to  that  for  moment  with  a  minimum  of  3  ft. 
Since  the  effective  width- is  3  ft.  the  unit  shear  will  all  be  punching  shear,  and  will  have  a  value  of 

^-t^.-"'*;sr.r  "-«■"■ -'-■'■■ 

Tbe  allowable  value  is  I30  lb.  per  sq.  in.  Since  all  of  the  shear  is  considered  as  punchii^  shear 
bond  stress  need  not  be  calculated. 

/O*  10' 

(a)  "    (b)  (c) 

Fig.  20. 

4.  Design  of  Intermediate  Beams. — ^The  bending  moment  in  one  beam  due  to  live  load  of 
100  lb.  per  sq.  ft.  plus  30  per  cent  impact  is 

Mj^  -  tw-/»  «  K4.25  X  130)30*  -  62,000  ft.-lb. 

The  end  shear  in  one  beam  due  to  the  live  load  of  100  lb.  per  sq.  ft.  plus  30  per  cent  impact  is 

Vj,  -  \w'l  =  i(4.25  X  130)30  -  8,300  lb. 

The  proportion  of  the  front  and  rear  wheels  of  the  auto  truck  carried  by  one  joist  is  4.25  -^  6 
=  0.708.  The  position  of  the  wheels  of  the  15-ton  auto  truck  for  maximum  moment  is  shown  in 
(6),  Fig.  20,  and  for  maximum  shear  in  (c),  Fig.  20.  The  bending  moment  in  one  beam  due  to  the 
auto  truck  and  30  per  cent  impact  is 

M^  -  1.30  X  0.708  '5>QQQ  X  '3-33'  .  82  Q^  fj  .l^j 
**  30 

The  shear  in  one  beam  due  to  the  auto  truck  and  30  per  cent  impact  is 
y^  -  ..30  X  0.708 15.000X26.67  .  ^^ 

■*'  30 

The  auto  truck  gives  larger  values  for  both  shear  and  moment  than  those  given  by  the  uniform 
load,  so  these  values  will  be  used. 
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The  dead  load  shear  and  moment  cannot  be  determined  until  the  weight  of  the  beams  is 
known.  The  stem  of  the  beams  will  be  assumed  to  be  1 6  in.  wide  and  24  in.  deep,  and  will  weigh 
16  X  26  X  150  -h  144  B  430  lb.  per  ft.    The  dead  load  carried  by  one  beam  is 

Wearing  surface,  4.25  X  30  =  130  lb.  per  ft. 

Slab,  4.25  X  66  -  280  "     "     " 

Beam,  -  430  "     "     " 

Total  »  840  lb.  per  ft. 

The  dead  load  bending  moment  is 

Mjy  -  Jw-^  «  J  X  840  X  30*  =  94.500  ft.-lb. 
The  dead  load  shear  is 

Vj^  =  \w'l  «  J  X  840  X  30  «  12,600  lb. 

The  total  bending  moment  is 

Jkf  «  Jkf x,  +  i^D  ■  82,000  +  94,500  =  176,500  ft.-lb.  =  2,120,000  in.4b. 

The  total  shear  is 

^  «  Vx,  +  V'x)  «  12,270  +  12,600  =  24,870  lb. 

The  slab  acts  as  the  flange  of  a  T-beam.  The  width  on  each  side  which  may  be  considered 
as  effective  is  4  X  5.25  —  21  in.,  making  a  total  width  of  42  +  16  »  58  in.  assuming  stem  to  be 
16  in.  wide.  This  value  is  greater  than  the  distance  center  to  center  of  beams,  so  the  distance 
center  to  center  of  beams  «  51  in.  will  be  used,  providing  it  is  not  greater  than  one-fourth  of 
the  span,  or  28  -^  4  «  7  ft.  «  84  in.  The  minimum  section  allowed  if  fully  reinforced  for 
shear  is 

,,-        V  24,870 

h'd  -  -r-r  =  — ^^ =  230  sq.  m. 

j'Sv      0.90  X  120        ^    ^ 

assuming  j  =  0.90.     Using  h'  »  id  in.,  d  would  equal  14.4  in.    The  depth  should  not  be  much 
less  than  ^7  of  the  span  »  30  in.    The  most  economical  depth  is  given  by  the  formula 


where  r  »  ratio  of  unit  cost  of  steel  in  place  to  unit  cost  of  concrete  in  place,  using  same  units 
for  steel  and  concrete.    A  value  of  r  »  70  will  be  used 


\    16,000  X  16       '      2  ' 

Try  </  =  28  in. 


-y        M_  _  2,120,000  _ 
h'd^      51  X  28«      ^^ 


which  will  probably  be  satisfactory. 

8 

3(I~5)-K5)« 


,^-^5-0.88 


/-,/',   _i\_Jl=M.  (24) 


30-|)-4-i!^W 


^        3(1  -  0-188)  +  (0.188)'        _ 
3(X  _  .094)  _  16.00°  Xo.l88»        -^ 
3V'      •"^'        4  X  15  X  53 


The  area  of  ateel  required  is 


.         M  2,120,000 

"  f'j-d  ■  16,000  X  0.92  X  28  "  5-^5  sq.  in. 
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Ten  1-in.  square  bars  provide  an  area  of  5.63  sq.  in.  If  ten  bare  were  used  six  bars  could  be  bent 
up  for  web  reinforcement.  Twelve  bare  will  allow  eight  to  be  bent  up,  which  may  be  found  neces- 
sary. Eight  f-in.  square  bare  and  four  i-in.  square  bare  provide  an  area  of  5.30  sq.  in. 
Twelve  bare  with  eight  of  them  bent  up  will  be  used,  for  six  bent-up  bare  give  too  great 
a  spaciiig,  the  maximum  allowable  being  }£{  =  i  X  28  =  21  in. 
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The  unit  stress  in  the  concrete  must  be  determined  to  see  that  it  does  not  exceed  the  allow- 
able value  of  650  lb.  per  sq.  in.  This  requires  that  p  and  k  be  found  and  substituted  in  the 
formula 


p^  A  +  6.  £i  -  5.38  +  51  X  28  =  0.0038  if  twelve  bare  are  used. 


*- 


'•+«a)' 


/>•»  + 


d 


^  0.0038  X  15  +0-0177 
"^  0.0038  X  15  +  0.188 


'  0.305 


(3) 


(14) 


or 


16,000  X  0.305 


470  lb.  per  sq.  in. 


15(1  -  0.305) 
The  assumed  section  will  be*  adopted.     No  revision  in  w'eight  is  necessary. 
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P^rt  of  the  tensile  steel  bars  will  be  bent  up  to  provide  web  reinforcement.  The  point  at 
which  web  reinforcement  must  start  is  determined  from  the  shear  diagram  given  in  Fig.  21.  The 
points  at  which  bars  may  be  bent  up  are  determined  from  the  moment  diagram  in  Fig.  21. 
The  stresses  in  the  bent  up  bars  are  determined  from  the  diagonal  tension  diagram  in  Fig. 
21.    The  construction  of  these  diagrams  will  be  explained. 

The  shear  and  moment  diagrams  were  constructed  by  calculating  the  total  shear  and  moment 
at  several  points  in  the  beam  and  plotting  their  values.  The  ciu'ves  were  then  drawn  through 
these  points. 

The  shearing  stress  which  the  concrete  may  be  considered  as  carrying  without  web  reinforce- 
ment is  Vc  '^fv'b'j'd  =  40  X  16  X  0.92  X  28  -  16,500  lb.,  the  allowable  value  of  /»  being  40 
lb.  per  sq.  in.  A  horizontal  line  is  drawn  across  the  shear  diagram,  Fig.  21  until  it  intersects  the 
shear  curve.  To  the  right  of  this  intersection  no  shear  reinforcement  is  needed  although  it  is 
good  practice  to  provide  light  vertical  stirrups  spaced  not  to  exceed  id.  To  the  left  of  this  inter- 
section the  web  reinforcement  is  considered  as  carrying  two-thirds  of  the  shear. 

The  points  at  which  the  bars  may  be  bent  up  for  shear  were  determined  from  the  moment 
diagram  by  plotting  the  areas  provided  by  each  pair  of  bars,  on  the  moment  diagrams  to  the  proper 
scale.  The  scale  is  determined  by  making  the  required  area  equal  to  the  maximum  moment. 
The  points  at  which  bars  may  be  discontinued  are  given  by  the  intersections  of  the  lines  repre- 
senting areas  with  the  moment  curve.  The  unit  bond  stress  considering  the  eight  |-in.  bars 
to  be  bent  up,  depends  upon  the  four  1-in.  straight  bars,  and  is 

/-  =  ;ir-^-     ^     ^^'^^^  ^ —  -  81  lb.  per  sq.  in.  (69) 

•'  ZO'J-d      4  X  3  X  0.92  X  29  t^  ^  ysj^j 

The  allowable  bond  stress  with  hooked  ends  =  120  lb.  per  sq.  in. 

5.  Design  of  Outside  Beams. — ^The  outside  beams  will  be  designed  as  rectangular  beams. 
The  top  of  the  beams  will  project  above  the  top  of  the  slab  to  provide  a  curb.  The  rail  will  be 
assumed  as  concrete  weighing  280  lb.  per  ft.  It  is  evident  that  the  slab  adds  but  little  to  the 
strength  of  the  beam  for  it  is  located  near  the  neutral  axis  and  comes  on  one  side  only. 

The  specifications  require  that  the  same  live  load  be  used  on  the  outside  beams  as  for 
the  intermediate  beams.    Therefore 

Ml  =  82,000  ft.-lb.,        Vl  =  12,270  lb. 

The  dead  load  carried  byoutside  beam  is 

Wearing  surface,  J  X  4.25  X  30  =       64  lb.  per  ft. 
Slab,  1.46  X  66  «       96 


II     II     II 


Railing,  -  _28o  "     "    " 

Total  -  1,160  lb.  per  ft. 

The  manmum  dead  load  bending  moment  is 

-3<f2>  =  J  X  1,160  X  3<^  *  130,500  ft.-lb. 
The  maximum  dead  load  shear  is 

Vd  "  i  X  1,160  X  30  =  17.400  lb. 
The  total  bending  moment  is 

M  =  Ml  +  Mb  =  82,000  +  130,500  =  212,500  ft.-lb.  -  2,550,000  in.-lb. 

The  total  shear  is 

V  ^  Vl+  Vd  »  12,270  +  17,400  =  29,670  lb. 

The  width  of  the  beam  will  be  taken  as  16  in.,  the  same  as  the  width  of  stem  of  the  intermediate 
beams.    The  minimum  depth  as  determined  by  the  bending  moment  is 
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A  curb  projecting  12  in.  above  the  top  of  the  slab  will  be  provided.    This  requires  that  the 
depth  be  28  +  12  »  40  in.    A  depth  of  40  in.  will  be  used  if  satisfactory  for  shear. 
For  fr  B  16  in.  and  (i  »  40  in. 

From  diagram,  Fig.  2,  Chapter  XVIII,  p  »  0.0070  and  j  *-  .880 

A  —  p'b'd  -  .0070  X  16  X  40  "  448  sq.  in. 
Eight  i-in.  square  bars  were  used,   il »  8  X  0.5625  «  4.50  sq.  in.   Maximum  unit  shearing  stress 
f"bh'  irx^lloi5=53lb.per«,.in.  (68) 

This  exceeds  the  allowable  of  40  lb.  per  sq.  in.  It  is  good  practice  to  bend  up  some  of  the  bars 
and  to  provide  some  vertical  stirrups.  The  stresses  are  so  small  no  calculations  will  be  made. 
Assuming  4  of  the  8  bars  to  be  bent  up  the  bond  stress  at  the  end  is 

^■' "z^ -4X3^.88  X  40"  ^"'''•P^'^"-  ^'7^ 

The  allowable  bond  stress  with  hooked  ends  »  120  lb.  per  sq.  in. 

If  four  of  the  horizontal  bars  are  bent  up  in  pairs  the  bends  being  spaced  i<i  «  30  in.  apart 
the  tensile  stress  in  the  bent-up  bars  due  to  the  shear  is 

.       2  0.77- J'      20.7X29,670X30      ^    ^^,u  •  /-  \ 

f-=-3A:fd    -3   2X0.56^5X40    -9^50  lb.  per  .q.m.  (74) 

if  no  allowance  is  made  for  vertical  stirrups. 

It  will  usually  be  found  desirable  to  make  the  complete  graphical  solution  as  explained  under 
intermediate  beams. 

6.  Detail  Drawings. — Detail  drawings  are  given  in  Fig.  22. 

Design  of  a  33-FT.  Span  Through  Concrete  Girder  Bridge. 

1.  General  Description  of  Bridge. — This  bridge  is  to  consist  of  a  reinforced  concrete  floor 
slab  supported  by  two  reinforced  concrete  girders  at  the  edges  of  the  roadway.  These  girdera 
also  act  as  railings.    A  wearing  surface  of  30  lb.  per  sq.  ft.  of  roadway  will  be  provided. 

2.  LOADS.  Dead  Load. — ^The  dead  load  for  the  slab  consists  of  the  weight  of  the  slab  and 
wearing  surface.  The  dead  load  for  the  girders  consists  of  the  weight  of  the  slab,  wearing  surface 
and  girders.    The  weight  of  reinforced  concrete  is  taken  as  150  lb.  per  cu.  ft. 

Live  Load« — ^This  bridge  will  be  designed  for  Class  Di  loading  which  provides  for  a  20- 
ton  concentrated  load  or  a  uniform  load  of  125  lb.  per  sq.  ft.  of  roadway  for  the  floor  and  125  lb. 
per  sq.  ft.  for  the  girdera. 

Impact — ^The  specifications  provide  for  an  allowance  for  impact  of  30  per  cent  for  the  floor 
slab,  and  of 

100  100 

for  the  girders. 

Wind  Load. — The  wind  load  need  not  be  considered  in  this  type  of  structure. 

3.  Dimensions. — ^Span,  35'  o"  c.  to  c.  of  bearing;  width  of  roadway,  16'  o";  spacing  of 
girders,  about  18'  o"  c.  to  c. 

4.  DBSIGN  OF  SLAB.^ — In  designing  the  slab  the  rear  axle  load  will  be  considered  as  dis- 
tributed over  12  feet  measured  parallel  to  the  axle,  and  one-twelfth  of  the  axle  load  will  be  assumed 
as  carried  on  a  width  of  one  foot  when  calculating  moment  and  one-sixth  when  calculating  shear. 
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The  load  per  foot  width  of  slab  due  to  the  concentrated  load,  including  30  per  cent  impact  is 

1.30  X  28,000  „ 

j^    —  -  3.030  lb. 

uniformly  distributed  over  12  feet  and  placed  in  the  center  of  the  slab  for  maximum  moment,  as 
shown  in  (a).  Fig.  23. 

The  slab  will  be  considered  as  simply  supported  with  a  span  equal  to  the  distance  center  to 
center  of  girders.  There  will  however  be  some  negative  moment  at  the  girders  which  must  be 
provided  for,  but  the  assumption  of  completely  fixed  ends  is  not  warranted.  The  maximum  live 
load  moment  per  foot  width  of  slab  due  to  the  concentrated  load  is 

Jlfi  -  i  X  3,030  X  J  X  18  -  i  X  3,030  X  J  X  6  -  9,090  ft.-lb. 

The  maximum  live  load  moment  due  to  125  lb.  per  sq.  ft.  of  roadway,  and  including  30  per  cent 
impact  is 

Ml  -  1.30IJ  X  (125  X  16)  X  i  X  18  -  i  X  (125  X  16)  X  J  X  8]  -  6,500  ft.-lb. 

which  is  less  than  that  due  to  the  concentrated  load,  so  need  not  be  considered. 

•      ' I        I  II 
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Fig.  23. 

The  dead  load  moment  per  foot  width,  assuming  a  14}  in.  slab  and  considering  30  lb.  per  sq.  ft. 
for  wearing  surface  is 

Afi)  -  J  X  211  X  i8«  -  8,540  ft.-lb. 

The  total  bending  moment  per  foot  width  of  slab  is 

Af  -  9,090  +  8,540  =  17,630  ft.-lb.  -  212,000  in.-lb. 

For  the  unit  stresses  given  in  the  specifications  the  required  depth  to  the  center  of  the  steel  is 

i  -  0.0965  ^  -  0.0965  ^^^  -  12.80  in.  (6c) 

Adding  1}  in.  below  the  center  of  the  steel,  the  total  thickness  of  slab  is  14.55  in.  A  total  thickness, 
of  14}  in.  will  be  used  making  d  —  12.75  in.,  provided  this  thickness  is  satisfactory  for  shear.. 
The  area  of  steel  per  foot  width  of  slab  required  to  develop  this  slab  is  (Fig.  2,  Chap.  XVIII.) 

A  -  0,O(yj7h'd  -  0.0077  X  12  X  12.75  **  i-i7  aq-  in. 

for  the  unit  stresses  given  in  the  specifications.  Bars  }  in.  square  spaced  6  in.  c.  to  c.  provide  ait 
area  of  1.13  sq.  in.  per  ft.  width,  and  will  be  used  for  the  reinforcement  perpendicular  to  the  girders, 
and  }  in.  square  bars  spaced  12  in.  c.  to  c.  parallel  to  the  girders  to  provide  for  temperature  changes 
and  to  distribute  the  load. 

The  maximum  live  load  end  shear  for  the  concentrated  load  will  occur  for  the  load  placed  as 
shown  in  (&),  Fig.  23.  The  load  per  ft.  width  of  slab  for  shear  is  1.30  X  28,000  •^  6  «  6,060  lb. 
The  live  load  shear  is 

--        6,060  X  12  ,, 

Vl  -         ^3 -  4.040  lb. 
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The  maximum  live  load  shear  for  the  uniform  load  of  125  lb.  per  sq.  ft.  of  roadway  is 

Vl  -  J(i.30  X  125)  X  16  =  1,300  lb. 

which  is  less  than  that  due  to  the  concentrated  load  so  need  not  be  considered. 
The  dead  load  shear  per  foot  width  of  slab  is 

^2)  -  J  X  211  X  18  -  1,900  lb. 
The  total  shear  per  foot  width  of  slab  is 

V  -  4,040  +  1,900  -  5f940  lb. 
The  maximum  unit  shear  considering  d  »  12  in.  at  curb  is 

f'-bh'  "5^  -  115  jf^,  -47lb.per.q.m.  (68) 

The  maximum  bond  considering  every  third  bar  as  bent  up  is 

/-  -  Z^Ti  -  '-^5  Z^i  -  '-'5  6^.  -  «  lb.  per  aq.  in.  (67) 

This  value  for  bond  stress  is  calculated  on  the  basis  of  a  simply  supported  beam  and  refers  to  the 
steel  in  the  bottom  of  the  slab,  so  applies  inside  of  the  point  of  contra-flexure  where  the  shear  is 
slightly  less  than  considered  and  where  the  bent-up  bars  are  at  the  bottom  of  the  slab.  The  steel 
on  top  and  at  the  end  will  have  a  bond  stress  of  f  X  95  *  142  lb.  per  sq.  in.  The  rods  bent  up 
into  the  girder  will  decrease  this  somewhat. 

Shear  reinforcement  will  be  provided  as  shown  in  the  detail  in  Fig.  24,  so  the  slight  excess  of 
the  maximum  shear  over  the  allowable  value  will  be  taken  care  of.  The  ends  of  the  tension  re- 
inforcement will  be  hooked  to  provide  additional  bond  strength. 

5.  DBSIGN  OF  GIRDBRS.~The  girders  are  to  be  designed  for  a  uniform  live  load  of  125 
lb.  per  sq.  ft.  of  roadway.  Allowing  30  per  cent  for  impact,  the  live  load  for  one  girder  is 
1.30  X  125  X  8  -  1,300  lb.  per  lin.  ft. 

The  girder  will  be  assumed  as  having  a  section  66  in.  X  22  in.  in  calculating  the  dead  load 
stresses,  giving  a  load  of  1,510  lb.  per  ft.  of  girder.    The  slab  and  wearing  surface  weigh  211  lb. 
per  sq.  ft.  or  211  X  8  »  1,690  lb.  per  lin.  ft.,  making  a  total  dead  load  of  1,510  +  1,690  »  3,200 
lb.  per  lin.  ft.  per  girder. 
The  maximum  live  load  bending  moment  per  girder  and  including  30  per  cent  impact  is 

Ml  -  ito-/»  -  J  X  1,300  X  35'  -  199.600  ft.-lb. 
The  dead  load  bending  moment  per  girder  is 

Md  -  ito-/*  -  J  X  3,200  X  35"  -  490,000  ft.-lb. 

The  total  bending  moment  per  girder  is 

M  -  199,600  +  490,000  =  689,600  ft.-lb.  -  8,275,200  in.-lb. 

The  depth  to  the  center  of  the  reinforcement,  required  by  the  unit  stresses  given  in  the 
specifications  is  

d  -  0.0965  ^|§  -  0.0905  V^^S^  -  59.a5  in.  (6c) 

making  a  total  depth  of  59}  +  2  +  3  «  64}  in.  if  two  layers  of  bars  spaced  4  in.  c.  to  c.  are  used, 
and  the  distance  from  the  bottom  of  the  beam  to  the  center  of  the  lower  layer  of  bars  is  made 
3  in.  A  total  depth  of  65  in.  will  be  used,  making  the  depth  to  the  center  of  the  steel  d  »  60  in. 
This  section  is  so  near  the  assumed  section  of  66  X  22  in.  that  no  revision  in  the  dead  load  moment 
will  be  made. 
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The  area  of  steel  required  to  develop  this  section  is 

A  -  o.oo^yb'd  -  0.0077  X  22  X  60  =  10.2  sq.  in. 

for  the  unit  stresses  given  in  the  specifications.    Eight  li-in.  square  bars  provide  an  area  of  10.20 

sq.  in.  and  will  be  used,  and  will  be  placed  in  two  layers  4  in.  apart  c.  to  c.    The  bars  may  be 

spaced  5  in.  c.  to  c.  and  allow  3}  in.  between  the  centers  of  the  outside  bars  and  the  edges  of  the 

beam. 

The  live  load  end  shear  is 

Vl  -  Jw-/  -  J  X  1,300  X  35  -  22,750  lb. 
The  dead  load  end  shear  is 

Vd  =  iw'l  -  i  X  3.200  X  35  =  56,000  lb. 
The  total  end  shear  is 

V  »  22,750  +  56,000  -  78,750  lb. 

The  maximum  unit  end  shear  is 

^•%-r^--55^-"55f^-69lb.per«,.m.  (68) 

which  requires  that  shear  reinforcement  be  used.  This  will  be  calculated  after  the  bond  stress 
has  been  determined. 

If  the  top  layer  of  the  tensile  reinforcement  be  bent  up  to  assist  in  carrying  the  shear,  the 
maximum  unit  bond  stress  is 

^--z;5^-'-^5^i-''5i?^.-8»'*'.persq.m.  (67) 

the  depth  to  the  center  of  the  lower  layer  of  the  bars  being  62  in.  The  ends  of  these  bars  will  be 
hooked  to  give  additional  bond  strength. 

In  order  to  determine  at  what  points  bars  may  be  bent  up  and  still  provide  sufficient  tensile 
reinforcement  the  bending  moment  diagram  should  be  drawn,  as  shown  in  Fig.  24. 

The  equation  for  the  bending  moment  at  any  point  due  to  a  uniform  load  is 

where  w  *»  load  per  foot  of  length  and  x  »  distance  in  ft.  from  the  support  to  the  point  considered. 
The  total  load  per  foot  is 

w  =  3,200  +  1,300  »  4,500  lb. 
when  X  «  5,  JIf ,  =  2,250  (35  X  5  -  25)  -  341,000  ft.-lb. 

when  X  -  10,  M»  -  2,250  (35  X  10  -  100)  «  568,000  ft.-lb. 

when  X  -  17.5,        Mm  -  2,250  (35  X  17.5  -  i7-5')  =  689,600  ft.-lb. 

as  previously  calculated. 

In  order  to  calculate  the  stresses  in  the  web  reinforcement  the  shear  diagram  should  be  drawn 
as  shown  in  Fig.  24. 

The  equation  for  the  maximum  shear  at  any  point  is 

Wx,  =  1,300;        Wj^  "  3.200;       /  -  35  ft. 
when  X  -  5.  ^.  -  ^^  X  30^  +  1.600  X  25  -  56,700  lb. 

X  -  10,  Vm  -  ^  X  25«  +  1,600  X  15  -  35.640  lb. 


17.5         Vm  -  ^^  X  17.5*  +  1,600  X  o  -  5.700  lb. 
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The  shear  which  may  be  carried  by  the  concrete  without  exceeding  40  lb.  per  aq.  in.  is 
V.  -A  -ft-j-i  -  40  X  22  X  0.875  X  60  -  46,200  lb. 

which  locates  the  point  A  at  which  web  reinforcement  begins  to  be  necessary.    The  web  rein- 
forcement is  considered  as  taking  }  of  the  total  shear  from  this  point  to  the  end  of  the  beam. 


787501b, 


46W/kk- 


57  00  lb. 


689000 ft  lb. 


Fig.  24. 

The  stresses  in  the  bent-up  bars  are  determined  by  drawing  AB  and  DC  at  the  angle  at  which 
the  bars  are  to  be  bent. 
From  C  lay  off 

2^   .     2   V 


and 


cfi  -  *  -K  « ^  V    78,750    , 

Ij'd     3      0.874X60 


1,010  lb. 


BF.i:" 


'x.„f. •'!?..- 588  ib. 


ZJ'd      3      0.874  X  60 
Draw  EP, 

It  is  evident  from  the  moment  diagram  that  two  bars  can  be  bent  up  at  a  and  two  more  at  h. 
Bending  the  bars  up  at  these  points  gives  a  good  distribution.  The  line  GH  is  so  drawn  that  the 
bars  projected  will  pass  as  nearly  as  possible  through  the  centroids  of  the  corresponding  areas. 
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The  stress  in  the  two  bars  nearest  the  end  is  given  by  the  area  ECGH  which  is 
'•"'^  +  ^^  X  3.0  Xia- 32,000  lb. 

2 

or  i6,ooo  lb.  per  bar,  which  produdes  a  unit  stress  of  i6,ooo  H-  1.27  «  12,600  lb.  per  sq.  in.  in  the 
bars  towards  the  end.  The  stress  in  the  bars  towards  the  center  of  the  girder  is  given  by  the 
area  GHFB  which  is 

Z5^±-§??X  3.3X12 -18.600  lb. 

or  9,300  lb.  per  bar,  which  produces  a  unit  stress  of  9,300  -^  1.27  »  7,300  lb.  per  sq.  in. 

The  allowable  stress  in  web  reinforcement  is  12,000  lb.  per  sq.  in.  so  one  set  of  bars  is  over- 
stressed  600  lb.  per  sq.  in.  Vertical  stirrups  will  be  provided  to  take  care  of  this  excess  and  to 
make  the  beam  more  reliable. 

The  length  of  embedment  required  to  develop  the  stress  in  the  bent-up  bars  which  are  most 
severely  stressed  is 

frd      12,600  X  I.I25  _ 

^■"77- AX^ ^^"'- 

Considering  0.6  the  depth  of  the  beam  as  effective  in  embedding  the  bar,  the  actual  length  of 
embedment  is  60  in.  as  shown  in  Fig.  24. 

6.  Detail  Drawings. — The  detail  drawings  of  this  bridge  are  shown  in  Fig.  25.  The  bill  of 
bars  showing  the  number  of  bars  and  the  dimensions  for  bending  is  included  on  this  sheet. 
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CHAPTER  XXII. 
Design  of  Culverts. 

T^rpes  of  Cuhrert — ^A  culvert  may  be  defined  as  a  bridge  of  short  span.  The  maximum 
limit  of  the  span  of  a  culvert  is  usually  placed  at  lo.feet.  Culverts  may  be  divided  into  (i)  pipe 
culverts;  (2)  box  culverts;   (3)  bridge  culverts;  (4)  arch  culverts. 

DESIGN  OF  CULVERTS.— The  discharge  of  a  culvert  depends  upon  the  size  of  the  culvert, 
the  grade  of  the  culvert,  the  intake,  the  outlet,  and  the  resistance  of  the  barrel  of  the  culvert  to 
flow  of  water.  Culverts  will  discharge  very  much  more  under  a  head  than  when  flowing  as  an 
open  conduit.  The  water  should  not  be  permitted  to  back  up  to  give  a  head  on  the  inlet  of  the 
culvert  unless  the  embankment  is  water  tight.  Care  should  be  taken  in  constructing  a  culvert 
to  cut  off  the  flow  of  water  along  the  barrel  of  the  culvert  by  means  of  projections  and  offsets. 

Size  of  Culyerts. — ^The  area  of  waterway  required  for  a  culvert  depends  upon  the  maximum 
rate  of  rainfall,  the  size  and  shape  of  the  watershed,  the  character  of  the  soil  and  the  grade  and 
channel  of  the  stream.  Culverts  placed  in  a  "  concrete  dip,"  Chapter  XXI  are  not  designed  for 
maximum  run-off. 

While  various  empirical  formulas  have  been  proposed,  the  size  of  waterway  should  always  be 
checked  by  noting  the  efliciency  of  culverts  in  the  vicinity.  The  best  formula  to  use  for  the  calcula- 
tion of  the  size  of  culverts  is  Talbot's  formula  given  in  Chapter  XX. 

Length  of  Culyert — ^The  length  of  the  barrel  of  the  culvert  is  determined  by  the  width  of 
the  roadway  and  height  of  the  fill.  The  slope  of  the  fill  should  be  taken  as  i  vertical  on  1}  hori- 
lontal.  The  roadway  should  be  the  full  width  over  culverts.  The  length  of  culvert  required 
by  the  Iowa  Highway  Commission  is  given  in  Chapter  IX. 

End  Walls. — ^The  end  walls  may  be  flared  with  wings  running  back  to  take  the  fill;  may 
have  end  walls  parallel  to  the  roadway,  or  where  there  is  much  drift  the  end  walls  may  be  stepped 
and  run  out  parallel  with  the  axis  of  the  culvert.  The  drift  will  lodge  on  the  steps  but  will  not 
choke  the  culvert.  The  wing  end  walls  make  a  better  inlet  and  give  a  greater  flow  than  the  other 
types  of  end  wall.    Where  there  is  danger  from  scour  the  culvert  should  have  a  floor. 

Pressnre  In  Trenches. — ^The  pressures  of  the  filling  on  pipes  and  other  forms  of  culverts 
in  trenches  depends  upon  the  character  and  condition  of  the  fill,  the  shape  and  size  of  the  trench, 
and  the  condition  of  the  sides  of  the  trench.  The  calculation  of  the  pressures  of  the  fill  in  trenches 
is  practically  the  same  problem  as  the  calculation  of  the  pressures  in  bins.  The  pressure  in 
trenches  may  be  calculated  by  using  the  formulas  and  data  given  in  (7),  Fig.  i.  From  this  dis- 
cussion it  will  be  seen  that  the  pressure  will  be  decreased  by  laying  the  pipe  in  a  narrow  trench 
dug  in  the  bottom  of  the  main  trench;  the  shoulders  acting  as  bearing  blocks  to  carry  the  fill. 

A  series  of  experiments  on  the  pressures  in  trenches  has  been  made  at  Iowa  State  College  of 
Agriculture  and  Mechanic  Arts,  and  are  published  in  Bulletin  No.  31,  of  the  Experiment  Station. 
The  pressures  obtained  in  the  above  experiments  check  with  those  given  by  the  author's  formula 
quite  closely. 

The  analysis  in  (7),  Fig.  i,  assumes  that  the  fill  has  recently  been  placed  in  a  trench.  With 
dry  sand  after  final  settlement  the  width  of  trench,  b,  should  be  taken  equal  to  the  outside  diameter 
of  the  pipe.  With  clay  with  some  cohesion  the  fill  after  final  settlement  will  be  partially  self- 
supporting  and  the  pressures  will  be  decreased.  For  a  concentrated  load  carried  on  the  fill  the 
load  will  be  distributed  over  a  width  greater  than  the  width  of  the  concentrated  load.  The  pres- 
sures will  all  be  contained  within  an  area  made  by  the  angle  of  repose  of  the  fill  with  a  vertical 
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Fig.  I.    Stresses  in  Culverts  and  Pressures  on  Cui-verts. 
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Fig.  2.    Steessbs  in  Rigid  Frames,  Pin-Connected  at  Base. 
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Fig.  3.    Stresses  in  Rigid  Frames,  Fixed  at  Base. 
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I^ane.  The  pressures  will  decrease  from  the  center  to  the  outside.  It  is  common  to  assume  that 
the  live  load  is  carried  down  at  an  angle  of  one  vertical  to  one-half  horizontal,  and  is  uniform  on 
any  horizontal   section. 

Stresies  in  Circular  Pipe. — ^The  stresses  in  circular  pipe  may  be  calculated  by  means  of  the 
formulas  given  in  Fig.  i.  The  vertical  and  horizontal  pressures  are  calculated  at  the  center  of 
the  pipe,  and  are  assumed  as  being  equal  to  the  pressures  at  the  top  and  bottom  of  the  pipe.  The 
usual  cases  are 

1.  Single  concentrated  load,  P,  at  top  and  bottom;  M  =  0.159  Pd  under  the  loads,  and 
M  -  —  0.091  Pd  at  the  ends  of  the  horizontal  diameter. 

2.  Uniform  vertical  load,  w,  over  entire  diameter,  top  and  bottom;  M  «  0.06251^2*  at  middle 
of  top  and  bottom,  and  Af  =  —  0.0625  wd^  at  the  ends  of  the  horizontal  diameter. 

3.  Uniform  vertical  load,  w,  over  one-fourth  the  circumference,  top  and  bottom;  M  =  0.059S 
w^  at  middle  of  top  and  bottom,  and  M  »  0.0544  ^"^  ^^  ^he  ends  of  the  horizontal  diameter. 

4.  Uniform  vertical  load,  p,  over  one-fourth  the  circumference  top  and  bottom,  and  uniform 
horizontal  load,  5,  over  one-fourth  the  circumference  on  both  sides  and  M  ^  -\-  0.0598  pd^  —  0.0544 
q/fi  at  middle  of  top  and  bottom,  and  M  »  0.0598  qd^  —  0.0544  P^  ^^  ^hc  ci^^s  of  the  horizontal 
diameter.  Since  the  ratio,  k,  of  lateral  to  vertical  pressure,  varies  from  0.15  to  0.4,  the  lateral 
pressures  do  not  materially  reduce  the  pressures.  Case  4,  however,  shows  the  importance  of 
proper  bedding  of  the  pipe.  Due  to  the  uncertainty  of  the  horizontal  bedding,  pipe  culverts 
should  be  designed  for  vertical  pressures  only. 

Stresses  in  Box  Culverts. — ^The  stresses  in  box  culverts  with  a  closed  frame  are  given  in  Fig. 
I.  In  the  calculations  /  »  span  of  frame  c.  to  c.  side  walls,  and  h  »  height  of  frame  c.  to  c.  top 
and  bottom  walls.  The  top  and  bottom  walls  are  assumed  to  have  the  same  cross-section  and 
moment  of  inertia. 

Stresses  in  box  culverts  without  a  floorbeam  and  with  lower  ends  of  side  walls  free  to  turn, 
pin-connected,  are  given  in  Fig.  2.     Case  3  represents  the  horizontal  pressure  due  to  a  concentrated. 


Fig.  4.    Timber  Box  Culvert. 


Fig.  5.    Timber  Culvert. 


load,  which  is  assumed  as  a  uniform  horizontal  load.  In  design  the  horizontal  load  should  be 
assumed  to  act  on  both  sides.  Case  4  is  for  earth  pressure  as  in  a  retaining  wall,  for  which  see 
Chapter  XIX.  In  case  5,  the  effect  of  concentrated  loads  and  earth  pressure  acting  on  both  sides 
bave  been  combined. 

Stresses  in  box  culverts  without  a  floorbeam,  but  with  the  lower  ends  of  the  side  walls  fixed 
in  place  are  given  in  Fig.  3.  The  stresses  due  to  both  concentrated  loads  and  earth  pressure  on 
both  sides  may  be  obtained  by  adding  the  moments  on  both  sides  in  3  and  4,  Fig.  3.  Unless  the 
footings  are  very  rigid  it  is  the  best  practice  to  assume  that  the  side  walls  are  free  to  turn  at  the 
base,  and  design  for  the  larger  stresses  given  in  Fig.  2. 
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Timber  Culverts. — ^For  temporary  culverts  the  timber  box  culvert,  as  shown  in  Fig.  4,  or 
the  timber  culvert,  as  shown  in  Fig.  5,  may  be  used.  The  bottom  of  the  culvert  in  Fig.  5  should 
be  paved  to  prevent  scour.  Unless  care  is  used  to  carefully  tamp  the  filling,  the  water  will  flow 
along  the  sides  of  both  of  the  culverts  shown.  Timber  culverts  are  very  unsatisfactory  and  in 
the  long  nm  are  very  expensive. 

Pipe  Culverts. — ^Vitrified  clay,  cast  iron,  steel  plate,  corrugated  steel  and  concrete  pipes  are 
used  for  culverts.  Pipe  culverts  should  be  laid  on  a  firm  foundation  to  a  careful  grade.  The 
center  should  be  raised  so  that  there  will  be  no  hollows  in  the  pipe.  Head  walls,  preferably  of 
masonry  or  concrete  should  extend  high  enough  to  carry  the  fill,  and  should  be  carried  down  far 
enough  to  prevent  the  water  from  following  along  the  outside  of  the  pipe.  The'  pipe  should 
preferably  be  laid  in  concrete.  The  depth  of  cover  required  by  the  different  types  of  culvert 
are  given  in  Table  IV,  and  Fig.  6. 

TABLE  I. 
Vitrified  Clay  and  Rbinforcbd  Concrete  Culvert  Pipe.    U.  S.  Bureau  of  Public  Roads. 


Inald« 

Diam.. 

Ib. 

Vitrified  CUy. 

Concrete.                                                      | 

Thick- 
In. 

•T 

Socket. 
In. 

Length  of 
SecUon. 
Ft.  In. 

Weight 

per 
Lin.  Ft.. 

Lb. 

Thick- 
In. 

Weight 
Lin.FL. 

Desired 

For  Example. 

Weight  per  Sq.  Ft. 

A.  S.  &  W.  Co.'s  Style. 

Lb. 

12 
36 

I 

1! 

2 

.1 

2     6 
2     6 
2     6 

2  6 

3  0 
3    0 

SO 
70 
100 
180 
290 
390 

It 

4 

.4  lb.  in  I  layer 
.5  lb.  in  1  layer 
.6  lb.  in  i  layers 
.8  lb.  in  2  layers 
1.0  lb.  in  2  layers 
1.2  lb.  in  2  layers 

No.    3  =    -44  lb-  per  sq.  ft. 
No.    2  «    .51  lb.  per  sq.  ft. 
No.    5  =    .63  lb.  per  sq.  ft. 
No.    4  s    .80  lb.  per  sq.  ft. 
No.  25  -s  1.01  lb.  per  sq.  ft. 
No.  42  =>  1.20  lb.  per  sq.  ft. 

85 
120 
160 
260 
36s 
500 

"Double  Strength"  Salt  Glazed. 

Usual   length  of  section  is  4  ft.    Tongue  and  groove, 
taper  or  socket  joints  may  be  used.    Weighta  given  do  not 
include  weights  of  joints. 

TABLE  II. 

Cast  Iron  Culvert  Pipe. 

Standard  Cast  Iron  water  pipe,  Class  "A"  which  is  the  lighest  weight. 

Standard  Specifications.) 


(American  Waterworks 


Inside  Dianu.  In. 

Area  of  (>peninff , 

Thickness  of  Shell, 
In. 

Depth  of  Soclcet. 
In. 

Welffht.  Lh.                         1 

Per  Ft. 

zs-Fu  SecUon. 

12 

0.8 

•54 

72.5 

870 

\t 

I.I 

•F 

89.6 

i,07S 

11 

.60 

108.3 

1,300 

18 

^ 

129.2 

1,550 

H 

3.1 

204.2 

2,450 

30 

4-9 

.88 

4'' 
41  ■ 

291.7 

3.500 

36 

H 

.99 

3917 

4,700 
6,150 

4» 

9.6 

1. 10 

5I2.S 

48 

12.6 

1.26 

666.7 

8,000 

Vitrified  Clay  Pipe  Culverts. — ^Vitrified  clay  pipe  is  made  in  single  and  double  strength  or 
culvert  pipe.  The  double  strength  pipe  should  preferrably  be  used  for  culverts.  The  pipe  should 
be  laid  in  a  trench  rounded  off  to  fit  the  pipe  with  the  bells  up  stream.     The  joints  should  be 
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TABLE  in. 

RiVETBD   AND   CORSUGATBD  StBEL   CuLVERT   PiPE.      U.   S.    BuREAU   OP   PUBLIC   ROADS. 


Inside 

Ana  of 

Riveted  Steel. 

Corrugated  Steel.                       1 

Riveu. 

'   ThickneM  of  Steel. 

is- 

«?• 

Thidmen 

of  SheU, 

In. 

Weight  per 
Lb. 

Weight  per 

Un.  FtV 

Lb. 

Min.  Diiun., 
In. 

Max.  Pitch, 
In. 

Gage. 

In. 

12 

0.8 

16 

.0625  •»  A 

10 

IS 

1.2 

• 

16 

.0625  «  A 

15J 

i8 

1.8 

iV 

4 

40 

16 

.0625  «  ft 

M 

3» 

} 

5 

70 

14 

.0781  ■■  ^ 

24 

30 

4.9 

J 

5 

85 

14 

.0781  -  A 

30 

36 

7.1 

A 

6 

130 

12 

.1094- A 

36 

'nw;AV'MV/A^v/;Avv7yA\vy/A\y/73 


I    I    I 


IksirvtUe  limrh  ^%iv4% 

SEcrm  OF  Roadway  SHmme  DesirHble 
MitiiMUM  Depths  of  fill  mr  Q/lverjs 


Fig.  6. 


Minimum  Depth  of  Fill  on  Pipe  Culverts. 

(See  Table  IV. 


U.  S.  Bureau  Public  Roads. 


TABLE  IV. 

Minimum  Depths  of  Good  Fill  or  Ballast  Over  Pipe  Culverts.    U.  S.  Bureau  of 

Public  Roads.    Fig.  6. 


luide 
Dian. 

Caatlroa. 

Riveted  Steel. 

Conrugated  Metal. 

Vltxified  Clay. 

Concrete. 

Inside 
Diam. 

C. 

s. 

C. 

s. 

C. 

S. 

C. 

S. 

C. 

S. 

in. 

12 
14 

M 

18 

36 
42 
48 

ft.  in. 
I     0 
I     0 

I      0 

I    0 
I    0 

;  I 

1  9 

2  0 

in. 
8 
8 

8 
8 
8 
8 
8 
8 
8 

ft.  in. 
I     6 

I     6 

1  6 

2  0 

2  6 

3  0 

in. 
8 

8 

8 
8 
8 
8 

ft.  in. 
I     6 

I     6 

1  6 

2  0 

2  6 

3  0 

ft.  in. 
I    0 

I    0 

I      0 

I    0 
I    0 
I    0 

ft.  in. 
I     6 

I    6 

1  6 

2  0 

2  6 

3  0 

ft.  in. 
I    0 

I    0 

I    0 
I    0 
I    0 
I    0 

ft.  in. 
I     0 

I     0 

I     0 
I     0 

1  I 

in. 
8 

8 

8 
8 
8 
8 

m. 
12 
14 

\l 
18 

*4 
30 
36 
4a 
48 

Note:  If  the  material  in  the  fill  contains  much  clay,  silt  or  loam  increase  the  above  minimum  depths 
by  4  in. 

calked  with  1-3  Portland  cement  mortar.  The  earth  should  be  well  tamped  around  and  over  the 
pipe,  and  in  no  case  should  the  wheels  of  wagons  be  permitted  to  come  nearer  to  the  top  than  the 
diameter  of  the  pipe.  Both  ends  of  the  pipe  should  be  protected  by  masonry  or  concrete  head 
walls  as  shown  in  Figs.  7  to  9. 

The  common  sizes,  weights  and  dimensions  of  vitrified  day  pipe  are  given  in  Table  I. 
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TABLE  V. 

DlMBNSIONS  AND  ESTIMATED  QUANTITIES.      STRAIGHT  EnDWALLS  FOR  PiPE  CULVBRTS,  FiG.  7. 


Conduce  in  One  End  WaU. 

Opening. 

WaU. 

Footing. 

z:3:6Kixtuze. 

Area, 

Wall. 

Footing. 

TocaL               1 

D. 

Sq.  Ft. 

G, 

H. 

^. 

E. 

F, 

Cu.  Fl. 

Cu.  Ft, 

Ca.  Ft. 

Cu.Yd. 

in. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

12 

0.8 

4    0 

2    0 

I       2 

I     10 

I     0 

7.2 

7.3 

145 

0.76 

15 

1.2 

S    0 

2    3 

I      2 

I     10 

I      2 

9.9 

10.7 

20.6 

18 

1.8 

6    0 

2    6 

I       3 

I     II 

I     3 

13.6 

14.4 

28.0 

1.04 

24 

31 

8    0 

3    0 

I      8 

2      0 

I     8 

22.3 

21.3 

43.6 

1.62 

36 

4.9 
71 

10    0 
12    0 

3     6 

2      2 

34.7 
SO.5 

32.S 
46.7 

67.2 
97.2 

vs. 

42 

9.6 

16  0 

4    6 

I     10 

2       6 

2    0 

70.3 

70.0 

140.3 

5.20 

48 

12.6 

5    0 

2      I 

2      9 

2    0 

96.9 

88.0 

184.9 

6.8s 

TABLE  VI. 
Dimensions  and  Estimated  Quantities.    Pipe  Culvert  Endwalls  with  45**  Wings,  Fig.  8. 


Dimendona. 

QuantiUea  in  One  End  Wall.                            | 

Opening. 

Wall. 

Footing. 

1:3:6  Concrete. 

Steel  Tie  Roda. 

D, 

Area. 
Sq.  Fl. 

H. 

G, 

Z. 

Af, 

jr. 

Wall. 

Footing. 

Total. 

Cu.  Ft. 

Cu.  Ft. 

Cu.  Ft. 

Cu.Yd. 

in. 
18 

8 

1.8 
3.1 
4-9 

12.6 

ft.  in. 

2  6 

3  6 

4  6 

5  0 

ft.  in. 

3  10 

4  4 

4  10 

5  4 

!■: 

ft.  in. 
I      2 

I     5 

1  9 

2  0 

^  I 

ft.  in. 

1  7 

2  I 

2      5 

2  II 

3  6 

4  0 

ft.  in. 
I     3 

;  1 

1  8 

2  0 
2     0 

9-3 
13.I 

22.6 
29.1 

35-9 

10.7 

18.8 
24.6 
34.6 
39.1 

20.0 

75-0 

.74 
1.02 

1-34 

2.36 
2.78 

nc 
2,: 

2, 
2, 
2, 

me 

2  ft,  long 

2  ft.  long 

3  ft.  long 
3  ft.  long 
3  ft.  long 

TABLE  VII. 
Dimensions  and  Estimated  Quantities.    Pipe  Culvert  Endwalls  with  U-ttpb  Wings, 

Fig.  9. 


Dimensions. 

QuantiUea  in  One  End  WaU.                         | 

Opening. 

WaU. 

Footing. 

1:3:6  Concrete. 

Steel  Tie  Rods. 

Area. 

Wall. 

Footing. 

Total. 

/>. 

Sq.Ft. 

G. 

If. 

AT. 

F. 

/. 

Cu.Fl. 

Cu.Ft. 

Cu.Fl. 

Cu.  Yd. 

in. 

ft.    in. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

12 

0.8 

3      8 

2    0 

I    0 

I     3 

2      2 

6.6 

7.3 

13.9 

.52 

none 

IS 

1.2 

3     " 

2    3 

I    5 

I     3 

2      7 

8.3 

9.1 

20.6 

'^ 

none 

18 

1.8 

4      2 

2    6 

^   2 

I     3 

2     II 

9.9 

10.7 

none 

24 

3.1 

4      8 

3    0 

2    6 

I    6 

3      8 

13.9 

^5S 

29.4 

1.09 

2,  "♦  2ft.fong 
2,    "♦    2  ft.  teng 

30 

4.9 

5      * 

3    6 

3     3 

I    6 

4      5 

18.7 

20.0 

38.7 

M3 

36 

7-J 

1 1 

^    ? 

4    0 

I    9 

5      2 

24.2 

26.2 

50.4 

1.87 

2.    "*    2j  ft  long 

42 

9.6 

4    6 

^    ? 

2    0 

5     " 

30.3 

33.2 

2.35 

2.  !"♦  21  ft.  long 
a,  !"♦    3  ft.  long 

48 

12.6 

6      8 

5    0 

S    6 

2    0 

6      8 

37.3 

39.6 

76.9 

2.8s 
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(with  45^ Wines) 
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Fig.   7.    Straight   Concrete  ExDWiox    Fig.  8.    Concrete  Endwall  for  Pipe  Culverts, 
FOR  Culverts.  with  45**  Wings. 

U.  S.  Bureau  of  Public  Roads.  U.  S.  Bureau  of  Public  Roads. 


ii 

FROnr  ELEYATIQtl 

Concrttt /!S''6 

Concrete   endwall 

FOR  FIFE  CUL/ERT     R  , 

(with  U'TyRe  wms) 


S^rriON  R'R 
Lenqfh_  ofCuhyrf 


^'Sfeel  Tie  Rod 


Plan 


Fig.  9.    Concrete  Endwalls  for  Pipe  Cul- 
verts, WITH  U-TYPE  Wings. 
U.  S.  Bureau  oe  Public  Roads. 


i      2       3       4      5      $       7 

Cu,  Yd  Concrete  m  One  Will 

COMFARATIVE  YARDAGE,    VARIOUS  TYPES  OF  ElWWALiS 

Fig.  10.    Contents  of  Endwalls. 
U.  S.  Bureau  op  Public  Roads. 
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Ciist  Iran  Pipe  Culverts. — Cast  iron  pipe  for  use  in  culverts  can  be  obtained  in  12-ft.  lengths, 
in  3-ft.  lengths,  or  in  sectional  form,  the  sections  being  bolted  together  in  place.  Cast  iron  pipe 
can  be  laid  nearer  the  surface  than  vitrified  clay  pipe  and  is  not  damaged  by  freezing  water. 
Cast  iron  pipe  should  be  laid  in  the  same  manner  as  clay  pipe  and  should  have  substantial  end 
walls.  Cast  iron  pipe  is  made  with  different  weights  per  foot,  the  lighter  weights  being  ordinarily 
used  for  culverts.    The  weight  per  foot  for  cast  iron  pipe  is  given  in  Table  II. 

Steel  Plate  Pipe  Culverts. — Culverts  are  made  of  steel  plates  riveted  in  a  circular  or  semicircular 
form.  Plate  pipe  culverts  should  be  laid  with  care  and  should  have  masonry  head  walls.  The 
plates  should  be  not  less  than  A  in.  thick  for  small  sizes,  and  up  to  |  in.  for  culverts  4  feet  in 
diameter  and  over,  see  Table  III.  The  fill  should  extend  above  the  top  of  the  pipe  a  distance 
as  given  in*  Table  IV,  and  should  be  well  tamped  around  the  sides.  In  estimating  the  cost  of  steel 
pipe  culverts  add  10  to  15  per  cent  to  the  weight  of  the  plates  to  cover  the  laps  and  the  rivets. 
The  freight  rates  on  culvert  pipe  are  liable  to  be  high,  due  to  the  fact  that  it  is  difficult  to  get 
sufficient  weight  on  a  car  to  give  a  minimum  car  load  unless  the  pipes  are  of  different  sizes  and 
can  be  nested.  Data  for  riveted  steel  culvert  pipe  as  prepared  by  the  U.  S.  Bureau  of  Public  Roads 
are  given  in  Table  III. 


ye^ 


^I'arrr^^fW^ 


t-44— ^ 

U'—-    4^ 


J I 

— >J 


1  n  :  1  '  M  1  :  \mfUUtrftiirBarf.  Bfrrti^oijAi^tht  li 


H"H~ti"Mi"hT!'^ 


h-^ii'ik^iiiitHUiH^^^^^ 


Cross     Sec+Jon, 


I* — ■" -e'a:, --^ 

Ljor>gitijdinol     Section, 


Fig.  II.    Reinforced  Concrete  Culvert  Pipe,  C  B.  &  Q.  R.  R. 


Cormgated  Steel  Pipe. — Culvert  pipe  made  of  corrugated  metal  sheets  makes  a  very  satis- 
factory culvert  where  the  soil  is  not  corrosive  and  where  there  is  adequate  cover  over  the  pipe. 
The  depth  of  cover  required  for  corrugated  metal  culvert  pipe  is  given  in  Table  IV.  Corrugated 
metal  pipe  is  ordinarily  made  of  structural  steel  containing  a  small  percentage  of  copper,  or  of  one 
of  the  so-called  "pure  irons."  With  data  now  available  it  would  appear  that  the  "pure  irons" 
have  no  advantage  in  resisting  corrosion  over  mild  structural  steel,  and  are  inferior  to  high-grade 
copper  steel. 

Specifications  for  Corrugated  Metal  Pipe. — The  Minnesota  State  Highway  Department  speci- 
fies that  all  corrugated  metal  pipe  shall  be  either  mild  structural  steel  containmg  not  less  than  two 
tenths  per  cent  copper;  or  "mgot"  or  "pure"  iron.  All  materials  shall  be  galvanized  with  pure 
zinc  coatine  of  uniform  thickness  without  imperfections.  The  coating  of  one  square  foot  of  plate 
on  both  sides  shall  contain  not  less  than  li  ounces  nor  more  than  2^  ounces  of  pufe  zinc.  All 
metal  shall  be  branded,  (i)  with  name  of  manufacturer,  (2)  with  name  of  brand,  (3)  with  gage. 
Rivets  shall  be  of  same  material  as  sheets  and  shall  be  galvanized.  Rivets  shall  not  be  spac^ 
closer  than  two  diameters  of  rivet,  shall  be  driven  cold,  and  shall  have  full  size  heads.  Corruga- 
tions shall  not  be  less  than  2^  in.  nor  more  than  3  in.  center  to  center,  with  a  depth  of  }  in.  tor 
2i-in.  and  f  in.  for  3-in.  corrugations.  The  ends  of  culverts  shall  be  reinforced  with  a  galvanized 
metal  band,  riveted  to  the  culvert  at  intervals  of  10  in.  or  less.  This  band  shall  be  the  equivalent 
of  I  in.  X  I  in.  for  No.  16  gage  metal,  |  in.  X  li  in.  for  No.  i^  and  No.  12  eage  metal,  and  i  in. 
X  li  in.  for  No.  10  gage  metal.  The  thickness  of  metal  shall  be  not  less  than  No.  16  gage  for 
i8-in.  diameter  pipe  and  ^mailer;  No.  14  gage  for  over  i8-in.  to  30-in.  pipe;  No.  12  gage  for  over  30-in. 
to  48-in.  pipe;  No.  10  gage  for  over  48-in.  to  6o-in  pipe.  Metal  culverts  over  48  in.  shall  not  be 
used  without  special  strengthening.  All  joints  shall  be  lap  joints.  Longitudinal  joints  shaU 
lap  not  less  than  2  in.,  and  shall  have  a  rivet  at  each  corrugation.  Circumferential  shop  seams 
shall  lap  one  corrugation  and  shall  have  rivets  spaced  not  more  than  10  in.     Field  joints  shall  be 
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same  material  as  the  pipe;  shall  be  not  less  than  8  in.  wide  for  pipe  up  to  30  in.  diameter,  and  11 
in.  wide  for  larger  sizes.  Field  bands  shall  be  provided  with  bands  not  less  than  i  in.  X  i  in.» 
with  i'ln.  bolts.    All  connections  shall  be  of  galvanized  or  otherwise  suitably  protected  metal. 

Reinforced  Concrete  Pipe  Culverts. — Details  of  a  reinforced  concrete  pipe  for  culverts,  as 
designed  by  C.  H.  Cartlidge  for  the  C.  B.  &  Q.  R.  R.,  are  shown  in  Fig.  11,  while  the  forms 
for  molding  a  similar  pipe  are  shown  in  Fig.  12.  The  relative  costs  of  cast  iron  and  reinforced 
concrete  pipe,  as  given  by  Mr.  O.  P.  Chamberlain  in  Eng.  News,  Dec.  20,  1906,  are  shown  in 
Table  VIII. 

The  costs  for  reinforced  concrete  pipe  are  low  and  should  probably  be  increased  50  to  100 
per  cent  for  single  culverts  in  addition  to  the  cost  of  making  the  forms. 

TABLE  VIII. 
Relative  Costs  op  Cast  Iron  and  Reinforced  Concrete  Pipe. 


Diameter, 
Inche*. 

Cast  Iron  Pipe. 

Reinforced  Concrete  Pipe.                      | 

ThiclraeM, 
Inches. 

fSffi- 

Cost  per  Foot. 

Thickness. 
Inches. 

Weight  per 
Foot.  Lb. 

Cost  per  Foot. 

12 
18 

48 

it 

.15 

250 

32.44 

5-43 

8.13 

14.63 

23.50 

2 

88 
222 

1,131 

$0.16 
0.36 

0.68 
1. 10 
1.83 

Horlzonid  Section. 

Fig.  12.    Forms  for  Molding  Reinforced  Concrete  Culvert  Pipe. 


Forms  for  molding  reinforced  concrete  culvert  pipe  are  shown  in  Fig.  12. 

Data  for  reinforced  concrete  culvert  pipe  as  prepared  by  the  U.  S.  Bureau  of  Public  Roads 
are  given  in  Table  I. 

Details  of  reinforced  concrete  pipe  culverts  designed  by  the  Iowa  Highway  Commission  are 
given  in  Fig.  13.     Details  of  end  walls  with  wing  walls,  and  with  walls  parallel  to  the  roadway  are 
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^^.b-J!he>r?i>ffJ!>!¥.  ^i»s,^ 


Detail  wJoinT 


End  VIEW 

I       I       I 


AQtf:^ 


LomiTUDlNAL  Secwft 


For  effamefers  behw  SOjX^  7* 

"        "       30%  56  J  X^  9" 

»        37''io4Zl,X'ir 


AI!  Joints  f9  b€ 
,  sfsndarel  bet  I  and 
spigot  type. 


DOuh/ef/nttf 
reinforcing^. 


Wire  mesh  or 
expanded  mefai  to  be^ 
eqivalent  in  area  to 
A.S.&W.Co's  A  f^esh 
as  siiown  h  talkie  "' 

Wing  iengtit  F  to  be  as  Htiiows:- 
For  pipe  diameter  i8\  dimension  F* 4-0' 

n       m  '         24%  '  F''4''6'' 

"     '  "36%"        F^^S'-O" 

Table  OF  Dimensions  for  Circular  Pipe 


Section  OF  Barrel 


F'^s'-e' 


Nam. 

necoouoe/idtd 

Weight 

Thickness 

Area  ofsfeel  for  each 

Length 

ofsheii=T 

iine^r  12%/idth 

IS* 
18' 

S'-O' 

e52lb. 

2.25' 
2.50" 

5lyle$^  0.058  sq.in. 
*    5^0.071  '  ' 

«' 

A'-(r 

Il73ik 

3.00" 

"    4 '0.102  "  ' 

y>' 

' 

3.50" 

'  42'0.I51  '  ' 

36' 

.4'-0" 

mih 

4.00" 

*  23=0.170  '  ' 

4V 

4,50' 

d  32^0.225  -  • 

CoiiCRETE  Pipe  Culverts 

Iowa  Highway  (Ammisshn 


Fig.  13. 
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shown  in  the  cut.    Wing  walls  give  a  better  inlet  than  parallel  end  walls  and  are  more  economical 
when  the  culvert  is  at  the  bottom  of  a  fill. 

Head  Walls  for  Pipe  Culverts. — Head  walls  for  pipe  culverts  may  be  made  with  straight  end 
walls,  Fig.  7,  with  wing  walls  as  in  Fig.  8,  or  with  U-type  wing  walls  as  in  Fig.  9.  Data  for  straight 
end  walls  are  given  in  Table  V;  for  wing  end  walls  are  given  in  Table  VI,  and  for  U-type  end 
walls  are  given  in  Table  VII.  The  relative  quantities  of  concrete  in  the  three  different  types  of 
head  walls  are  given  in  Fig.  10.  The  plans  of  head  walls  described  above  were  prepared  by  the 
U.  S.  Bureau  of  Public  Roads. 


^ m: H 


m^  att  itmloretnient  mffi  th.13  mrw. 


End  View  lumwD/rmL  Sicrm  ^'      „Mii^Som'io^^^^^^s»d ^ 


rUBriff^t 


IkTML  OF  Run  Bms 


^ ^f"'  ^, 


<^1 


vonshvctfon  Jvtit 
H-4Concnt9  sbovt 
/■HCencrtttbtkff 

Cross  Section 


?gi 


.      XI'O'    ' 


*. 


Tip  surfset  afbtmf  t9  Ar  stn/ek 
and  fromlM'  then  add  one  coat 
of  wahrproof  pafnf. 


(BToN  f^oAD  Roller  Loadin6 

Concrete  Culvert 
IO'-CSpam    IO^'RoaMay 

Pfkh^  Sfak  Highway  Oiph 


Fig.  14.    Reinforced  Concrete  Culvert.    Michigan  State  Highway  Department. 


Box  Culverts. — ^The  box  type  of  culvert  is  especially  suited  to  a  location  where  the  top  of 
the  culvert  is  used  as  the  top  of  the  bridge,  or  where  there  is  a  shallow  fill  on  top  of  the  culvert. 
Box  culverts  when  used  without  top  filling  are  in  fact  short  bridges.  Box  culverts  may  be  used 
without  a  floor  as  in  Fig.  14,  or  with  a  floor  as  in  Fig.  15. 

The  box  culvert  shown  in  Fig.  14  was  designed  by  the  Michigan  State  Highway  Department. 
Standard  plans  have  been  prepared  for  spans  of  6  ft.  to  15  ft.  For  spans  under  6  ft.  a  reinforced 
concrete  slab  is  supported  on  plain  concrete  abutments,  the  reinforcement  at  the  upper  corners 
being  omitted. 

Details  of  a  reinforced  concrete  box  culvert  as  designed  by  the  Iowa  Highway  Commission 
are  given  in  Fig.  15.  Standard  plans  have  been  prepared  by  the  commission  for  box  culverts 
from  2  ft.  by  2  ft.  to  12  ft.  by  12  ft.  in  cross-section.  The  design  in  Fig.  15,  is  for  wing  walls, 
but  standards  have  been  prepared  for  alternate  designs  with  end  walls  parallel  to  the  roadway. 
Data  for  standard  box  culverts  with  wing  walls  are  given  in  Table  IX. 

Reinforced  Concrete  Culverts. — ^The  plans  of  a  reinforced  concrete  box  culvert  4'  o"  X  4'  o" 
are  given  in  Fig.  16;  of  a  reinforced  concrete  arch  culvert  8'  o"  X  8'  o"  are  given  in  Fig.  17; 
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Fig.  15.    Concrete  Box  Culvert.    Iowa  Highway  Commission. 


TABLE  IX. 
Reinforced  Concrete  Box  Culverts.    Iowa  Highway  Commission. 


Quantities,  ao-ft. 

Quantxtie., 

Reinforcing^,  Square  Bars. 

Barrel  with 

Change  z  Ft. 

Size, 

Depth 
of 

Wing  Walls. 

Length. 

Ft. 

Sides, 
In. 

Slab^. 

Vertical  Wall,.  D 

Floor  Slab.  F, 

Bent  Bars.  B. 

Con- 
Crete, 
Cu.  Yd. 

Steel. 
Lb. 

Coo- 
Cu.  Yd. 

Steel. 
Lb. 

Siie. 

Spac- 

Size, 

Spac. 

Size. 

Spac- 

Size. 

Spac- 

In. 

ing,  In. 

In. 

inf.  In. 

In. 

ing,  In. 

In. 

ing.  In. 

2X2 

6 

1 

12 

— 

— 

8.0 

542 

0.23 

20.3 

3X3 

6 

1 

10 

e 

6 

S 

0 

— 

— 

13-5 

754 

0.39 

257 

4X4 

7 

1 

8 

.2 

s 

1 

B 

8 

24.0 

1.38s 

0.60 

tl 

SXiS 

8 

1 

6 

a* 

u 

& 

0 

6 

32.2 

1,840 

0.83 

6X6 

8X8 

8 
10 

*i 

1 

.2 

.a 

.3 

.S 

5 

40.4 
73.0 

lit^ 

:^ 

79.2 
91.0 

<^  A 

10X10 

12 

♦. . 

6 

H« 

HN 

M 

Bars 
Ben 
dowi 

II3.9 

4,004 
6,924 

2.26 

129.2 

12X12 

IS 

*} 

5 

163.4 

3.16 

198.0 

*  Every  second  bar  bent  up  and  turned  down  2'  6"  into  side  walls. 
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Fig.  i6. 


Cnd  Elevation.        ^  ^  Fbrt   .Plan.. 
Reinforced  Concrete  Box  Culvert,  Great  Northern  Railway. 


1 


^^'^-^-fT-Fff■^l^«^>^^M'^^ 


mm 

X 


fbrf    Plan, 


Fig.  17.    Reinforced  Concrete  Arch  Culvert,  Great  Northern  Railway. 

TABLE  X. 
Relative  Cost  of  Small  Culverts  of  Approximately  the  Same  Waterway, 

Standard  Sizes.* 


Kind. 


Size. 


Area. 

Sq.  In. 
of 

Water- 
way. 


Cost  Per 
Uneal 
Foot 
Laid. 


Cost  Per 
Sq.  Ft. 

of 

Watei^ 

way. 


Most 
Eco- 
nomical 
Lengtli, 
Ft. 


Cost  of 
Calvert. 


Cost  of 
End 

Walls. 


Cost 
Com- 
plete- 


Coat  to 
Keep  up 

zoo 
Years. 


3  inch  hemlock  wood  box . . . . 

Cc>ncrete  box 

Cc>ncrcte  arch 

Circular  concrete  pipe 

Cast  iron,  12  feet  lengths. . . . 

Cast  iron,  3  feet  lengths 

Single  strength  vitrified  clay  . 
Double  strength  vitrified  clay 
Corrugated  steel 


15  m. 

15  in. 

16  in. 
18  in. 
18  in. 
18  in. 
18  in. 
18  in. 
18  in. 


225 
225 
228 
254 
254 
254 
254 
254 
254 


$  .70 
1. 10 

I.2S 
.85 

3.10 

3.00 
.90 

1. 00 

1.40 


•44 
.70 
.80 
.48 
1.76 
1.70 
■51 
.57 
.80 


24 
20 
20 
20 

24 
21 
30 
28 
26 


316.80 
22.00 
25.00 
17.00 
74.40 
63.00 
27.00 
28.00 
36.40 


3x8.00 
18.00 
18.00 
18.00 
18.00 
14.00 
14.00 
14.00 


316.80 
40.00 
43.00 
35.00 
92.40 
81.00 
41.00 
42.00 
50.40 


3252.00 

40.00 

43.00 

35.00 

166.80 

144.00 

41.00 

42.00 

196.00 


*  A.  R.  Hirst,  highway  engineer,  Wisconsin  Geological  and  Natural  History  Survey,  1907. 
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Fig.  1 8.    Reinforced  Concrete  Arch  Culvert,  Great  Northern  Railway. 


4End  Elevation. 


4  Cross  Section. 


^  Longitudinal    Section. 


I  ii  I  I   I  ij  I  I 


-^^'z:''^^'^'^- 


Fig.  19.    Plans  of  Eight-foot  Plain  Concrete  Highway  Culvert,  Porto  Rico. 
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Fig.  20.    Reinforced  Concrete  Arch  Culvert. 
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and  of  a  reinforced  concrete  arch  culvert  of  20'  o"  span  are  given  in  Fig.  18.  These  culverts 
were  designed  by  Mr.  C.  F.  Graff  for  the  Great  Northern  Railway,  and  are  strong  enough  to  carry 
from  20  to  40  ft.  of  railroad  embankment.  These  culverts  are  made  heavier  than  is  necessary 
for  ordinary  highway  culverts. 

Plain  Concrete  Culverts. — Plans  for  an  8-ft.  plain  concrete  culvert,  as  designed  by  Edwin 
Thacher  for  the  highways  in  Porto  Rico,  are  shown  in  Fig.  19. 

Reinforced  Concrete  Arch  Culvert — Details  of  a  reinforced  conrete  arch  culvert  of  19  ft. 
span,  as  designed  by  the  Michigan  State  Highway  Department,  are  given  in  Fig.  20.  Standards 
have  also  been  prepared  for  arch  culverts  with  straight  end  walls  (0°  with  axis  of  stream). 
Details  and  data  are  shown  in  the  cut. 

RelatiTe  Costs  of  Small  Culverts. — ^The  relative  costs  of  small  culverts,  as  calculated  by 
A.  R.  Hirst,  highway  engineer,  Wisconsin  Geological  and  Natural  History  Survey,  are  given  in 
Table  X 


Digitized  by 


Google 


CHAPTER  XXIII. 
Design  of  Concrete  Arch  Bridges. 

Litrodnctian. — An  arch  is  a  beam  or  framework  in  which  the  reactions  are  not  vertical,  for 
vertical  loads.  Arches  are  divided,  according  to  the  number  of  hinges,  into  three-hinged  arches, 
two-hinged  arches,  one-hinged  arches  and  arches  without  hinges  or  continuous  arches.  Solid 
two-hinged  and  continuous  arches  constructed  of  masonry  or  concrete,  only,  will  be  considered 
in  this  chapter.  For  the  analysis  of  a  two-hinged  arch  with  spandrel  bracing,  see  the  author's 
"The  Design  of  Steel  Mill  Buildings,"  Chapter  XIV. 

DEFINlXIO  NS. — ^The  following  definitions  will  be  of  assistance  in  discussing  arches. 

Skewtwck. — ^The  inclined  surface  upon  which  the  arch  rests.  The  term  applies  more  properly 
to  the  stone  or  brick  arch. 

Abutment. — ^A  skewback  and  the  masonry  which  supports  it. 

Soffit. — ^The  under  or  concave  side  of  an  arch. 

Back. — ^The  upper  or  convex  side  of  an  arch. 

Springiiig  Line  or  Spring. — ^The  line  in  which  the  soffit  meets  the  abutment.  The  inner 
edge  of  skewback. 

Ihtrados. — ^The  line  of  intersection  of  the  soffit  with  a  vertical  plane  parallel  to  the  roadway. 
EztradoflL — ^The  line  of  intersection  of  the  back  with  a  vertical  plane  parallel  to  the  roadway. 
Span. — ^The  horizontal  distance  between  springing  lines,  measured  parallel  to  center  line  of 
roadway. 

Rise. — ^The  vertical  distance  of  the  intrados  above  a  line  joining  the  springing  lines. 

Crown. — ^The  highest  part  of  the  arch  ring. 

Haunch. — ^The  portion  of  the  arch  ring  between  the  crown  and  the  springing  line. 

SpandreL — ^The  space  between  the  back  of  the  arch  and  the  roadway. 
Two-hinged  masonry  or  concrete  arches  are  rarely  used,  but  the  theory  of  this  type  will  be 
deduced  as  preliminary  to  the  theory  of  the  arch  with  fixed  abutments. 


27 


(b) 


Fig.  I. 
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STRESSES  IN  A  TWO-HINGED  ARCH.  Reactions.— The  vertical  reactions  of  the 
two>hinged  arch  in  (a),  Fig.  i,  are  the  same  as  for  a  simple  beam  having  the  same  loads  and  span. 
The  horizontal  reactions  will  heH  "  H,  and  will  be  equal  to  the  pole  distance  of  the  force  polygon 
in  (b)  that  is  used  to  draw  the  true  equilibrium  polygon.  The  value  of  H  depends  upon  the 
elasticity  of  the  arch  and  is  not  statically  determinate. 


*-cc 


Fig.  2. 

Having  calculated  the  vertical  reactions  Vi  and  Vt  by  means  of  moments  in  the  usual  manner, 
and  the  horizontal  components  H,  as  will  be  described  presently,  the  equilibrium  polygon  in  (a) 
may  be  drawn  using  the  force  pol3^gon  in  (b)  Fig.  i.  The  requirements  being  that  the  equilibrium 
polygon  must  pass  through  the  hinges,  and  that  the  force  polygon  must  have  a  pole  distance 
equal  H, 

The  bending  moment  at  any  point  in  the  arch  will  then  be  H't,  where  H  is  the  pole  distance 
of  the  equilibrium  polygon,  and  t  is  the  intercept  from  the  point  at  which  the  moment  is  to  be 
determined  to  the  string  P»P«.  The  shear  on  the  section  of  the  arch  m-n  will  be  5«,  while  the 
direct  axial  stress  will  be  P,  as  shown  in  (b)  Fig.  i. 

Calculation  of  Horizontal  Reaction,  H. — Now  for  equilibrium  in  the  two-hinged  arch  in 
F^.  3,  the  span  must  remain  constant.  This  relation  will  be  expressed  in  the  form  of  an 
equation  of  condition. 


Fig.  3. 

In  Fig.  2  assume  that  the  arch  ring  is  rigid  except  the  length  ds  which  bends  under  the  action 
of  some  external  loading.    Now  the  point  C  will  move  to  E  if  the  arch  be  not  constrained,  the 
horizontal  deformation  being  CD  «  dx,  and  the  vertical  deformation  being  ED  ~  dy.    The 
ans^e  CBE  -  d^. 
Then 

CE  »  BC'd^ 
BC  ■»  y-seca 
dx  -  CE-cosa 

-  yrf*  (i) 

Now  in  a  beam,  as  in  Fig.  3,  the  stresses  at  any  point  in  the  beam  will  vary  as  the  distance 
from  the  neutral  axis,  and  from  similar  triangles  we  have 
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Rids  lie:  A 
and 

R'A^C'ds  (2) 

Now  if  5  is  the  fiber  straw  on  the  extreme  fiber,  and  E  is  the  modulus  of  elasticity,  we  have 
AiSiidsiE,  and 

A'E  -  S'ds  (3) 

and  solving  (2)  and  (3)  for  R,  we  have 

R'S  -  E'C  (4) 

But  from  the  common  theory  of  flexure  we  have  M-c  ^  S-I,  and  substituting  in  (4) 

R  -  E'l/M  (5) 

Abo 

R'dtl^  »  df,  and  d^  -  dsfR  (6) 

Substituting  the  value  of  i?  as  given  in  (5)  in  (6)  we  have 

d^fds  -  MIE'I  (7) 

And  substituting  the  value  of  d   as  given  in  (7)  in  (i) 

dx  -  M-ydsfE'I  (8) 

Now  if  bending  takes  place  over  the  entire  length  of  the  span  of  the  arch  the  total  horizontal 
deformation  will  be 

pi  M-yds  ,  . 


In  the  two-hinged  arch  the  span  is  constant  and 

piM-y-ds  ,    . 

Equation  (10)  will  be  sufficient  to  determine  the  pole  distance  in  Fig.  i. 

Now  in  equation  (10)  the  value  of  Jf  at  any  point  in  the  arch  will  be  Jf  »  if'  —  H-y,  where 
M*  is  the  bending  moment  as  calculated  in  a  simple  beam,  H  is  the  horizontal  component  of  the 
reaction  and  y  is  the  ordinate  of  the  point  in  the  arch  as  in  Fig.  2, 

Inserting  the  value  of  if  in  equation  (10),  it  becomes 

^<  (if'  -  H-y) 


s. 


and 

Jo~eT"^Jo~E^     ""' 
and 

'^iM'-yds 

(") 


/; 


s: 


0  E'I 


Grtphic  SolittioiL — Now  in  Fig.  4  let  polygon  AEB  be  a  random  polygon  drawn  with  an 
assumed  pole  distance  H';  polygon  ADB  is  the  true  equilibrium  pol3fgon  drawn  with  the  true 
pole  distance  H;  and  ACB  is  the  linear  arch. 

Then  the  bending  moment  at  C  in  Fig.  4  will  be 

M  '^  M'  -  Hy 

^H'CD 

-  H'DF  -  Hy 
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But  DF  is  not  yet  known.    However,  we  have  the  relation  that  the  ordinates  to  the  two  equilibrium 
polygons  are  inversely  proportional  to  the  pole  distances;  and 

EFiDFiiH:  H\ 
and 

DF  -  EF'H'IH  =  £Ft, 

where  r  equals  the  ratio  of  the  assumed  pole  distance  to  the  true  pde  distanoe. 
Then 

M  -  EF'H-r  -  Hy  (12) 

Now  substituting  the  value  of  M  given  in  (12)  in  (11),  and 

I  EF-H-r-yds       pi  H-^-ds  _    \^ 


0  E'l  Jo 


/o      E'l 
and 


r: 


E'l  . 

Jo      E'l 

Now  in  equation  (13)  if  £•/  is  a  constant,  the  arch  may  be  divided  into  segments  of  equal 
length;  or  if  £•  J  is  not  a  constant  the  arch  may  be  divided  into  segments  for  which  dsjE'I  is  a 
constant,  and  we  may  write 

f  -  X^/ZEF'y  (14) 

Graphic  Interpretatioa  of  Equations. — Referring  to  Fig.  4,  it  will  be  seen  that  the  numerator 
in  (14)  is  the  summation  of  the  products  of  the  ordinates  to  the  arch  taken  at  the  centers  of  the 


-^ 

\4 

^A                 F                ^tp 

Fig.  4. 

segments  into  which  the  arch  ring  is  divided;  while  the  denominator  is  the  summation  of  the 
products  of  the  ordinates  to  the  random  equilibrium  polygon  taken  at  the  centers  of  gravity  of 
the  segments  into  which  the  arch  ring  is  divided,  and  the  distances  of  the  segment  from  the  line  AB, 

Graphic  Solution  of  the  Stresses  in  a  Two-hinged  Arch. — Divide  the  given  arch  ring  into 
a  number  of  segments,  varying  from  10  to  20  parts,  in  which  dj/jE*  J  equals  a  constant.  Assume 
that  the  external  loads  act  through  the  centers  of  gravity  of  the  segments.  Lay  off  the  loads 
and  construct  a  force  polygon  with  a  pole  distance  H\  and  draw  the  equilibrium  polygon  so  that 
it  will  pass  through  the  hinges  A  and  B  of  the  arch.  Now  to  use  equation  (13),  scale  off  the  ordi- 
nate y  of  the  center  of  each  segment  of  the  arch  ring,  and  assume  that  these  ordinates  are 
horizontal  loads  acting  at  the  points  in  the  arch  ring  of  which  they  are  the  ordinates;  lay  off 
these  ordinates  as  horizontal  loads  and  with  the  assumed  pole  distance  W*  draw  an  equilibrium 
poljrgon  with  the  force  polygon  thus  constructed.     In  like  manner  assume  that  the  ordinates  to 
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the  random  equilibrium  polygon  at  the  OH-responding  points  in  the  arch  are  horizontal  forces; 
construct  a  force  polygon  with  a  pole  distance  H"  (use  the  same  pole  distance  for  both  force 
polygons)  and  draw  an  equilibrium  polygon  with  the  force  polygon  thus  constructed.  The  bend- 
ing moments  at  the  right  abutment  for  the  two  loadings  will  be  proportional  to  the  horizontal 
deformation  of  the  hinge  B  for  the  two  loadings,  and  r  will  be  equal  to  the  ratio  of  the  two  bending 
moments  as  given  by  equation  (13). 

Having  calculated  the  true  pole  distance,  H,  the  true  equilibrium  polygon  is  drawn  as  in 
Fig.  I. 

Tempentture  Stresses. — ^With  an  increase  or  decrease  in  temperature  the  arch  will  expand 
or  contract  uniformly  and  the  change  in  the  span  will  be 

Ax-=b«•^/  (15) 

where  e  is  the  coefficient  of  linear  expansion  of  the  material  {e  for  steel  and  concrete  is  approxi- 
mately 0.0000067  per  degree  Fahr.);  /  is  the  change  in  temperature  in  degrees  Fahr.;  and  /  is 
the  span  of  the  arch  in  the  same  units  as  Ax. 
Then  equation  (10)  becomes 


fi^- *..,.,  (.« 


^0      E'l 

Now  if  Ht  is  the  horizontal  component  that  will  produce  the  same  horizontal  movement 
as  the  change  in  temperature  as  given  by  (16)  then,  M  »  Hry,  and 

^'       =*=   /^ly.^  (,7) 

Jo    E'l 
The  total  value  of  the  horizontal  component  of  the  reaction  will  be  ^  +  ^1. 

STRESSES  IN  AN  ARCH  WITHOUT  HINGES.  Introduction.— In  an  arch  without 
hinges  the  following  conditions  must  be  satisfied:  (i)  the  span  must  be  constant;  (2)  the  abut- 
ments must  maintain  the  same  relative  positions;  and  (3)  the  tangents  to  the  neutral  axis  ol 
the  arch  at  the  abutments  must  remain  fixed. 

From  the  discussion  of  the  two-hinged  arch  we  have 

also  in  Fig.  2, 

CE  -  BC'd^ 

BC^X'CSca 

dy  »  C.E.*sina 
=  x-d<t> 
and  substituting  in  equation  (7),  dy  »  M-x-ds/E'I,  and 

/'•'  M-x-ds 


^yfo 


Also  from  equation  (7),  d^k  "  M'dslE'I,  and 

The  equations  of  condition  for  a  fixed  arch  may  also  be  obtained  from  the  general  equation 
given  in  text-books  on  applied  Mechanics  for  the  deflection  of  a  beam  at  any  point 

'•J  M-m-ds 

/o  ^eTT-  (^«) 

where. Jkf  is  the  bending  moment  at  any  point,  and  m  is  the  bending  moment  at  any  point  due  to 
a  load  unity  applied  at  the  point  at  which  the  deflection  is  to  be  measured,  and  acting  in  the  line 


"♦-/.' 


■/; 
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that  the  deformation  A  is  to  be  measured.    Now  if  a  unit  load  H  ~  unity  be  applied  as  in  Fig. 
5,  the  moment  m  at  any  point  will  be  —  %  and 


\ 


tri 


-AX 


Fig.  5. 

If  a  unit  load  V  ■■  unity  be  applied  as  in  Fig.  5,  the  moment  m  at  any  point  will  be  ■■  x,  and 
If  a  unit  moment  be  applied  at  any  point,  then  m  «  i,  and 


^*-/, 


lUis 


Equation  (10)  is  the  condition  that  the  span  is  constant;  equation  (18)  that  the  abutments 
maintain  the  same  relative  heights,  and  equation  (19)  that  the  tangents  to  the  neutral  axis  at 
the  abutments  are  fixed. 

In  Fig.  6  at  the  left  abutment.  A,  the  vertical  reaction  is  Vu  the  horizontal  reaction  is  H, 

G 

A 
/  \ 

/  \ 

/ 


and  the  bending  moment  is  Mi  »  H^yi.    At  the  right  abutment,  B,  the  vertical  reaction  is  Vt, 
the  horizontal  reaction  is  H,  and  the  bending  moment  is  Jfcf  1  —  H-yt.    Now  if  the  arch  were  hinged 
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at  A  and  B,  the  line  of  resistance  would  be  the  equilibrium  polygon  AEB  drawn  with  a  force 
polygon  having  a  pole  distance  equal  to  the  horizontal  reaction  H  for  a  two-hinged  arch.  With 
the  ardi  with  fixed  ends  there  is  bending  moment  at  points  A  and  B  and  the  equilibrium  polygon 
will  paas  through  points  A'  and  B'  and  will  take  the  position  A'DB\  the  points  a  and  b  being 
points  of  contra-flexure  (points  A'  and  B'  may  both  be  below  the  abutments,  both  above  the 
abutments,  or  one  may  be  below  and  the  other  above,  depending  upon  the  loading  and  elastic 
properties  of  the  arch). 

Now  if  the  arch  ring  is  divided  into  segments  so  that  ds/E'I  ~  £,  a  constant,  equations  (lo), 
(i8)  and  (19)  become 

ZM-y  -  o  (loO 

ZM'X  -  o  (18O 

Zif  ->  O  (19') 


Fig.  7. 

Algebraic  Solution. — ^Transferring  the  origin  of  coordinates  to  the  center  of  gravity  of  the 
arch  rii^t  0»  in  Fig.  7,  we  have  by  substituting  y  "  y  +  din  equations  (19),  (18)  and  (10) 

Now  in  Fig.  7  the  bending  moment 

M  -'H't"  H(PS  -  RS) 


M'  -  H^y  ^H-e^-H  ^£L~5!)  , 
X  -  H  ^^^  J  ^'^  -  Htana  (21) 


Now  assume  that 

and 

Z  -  He.  -  JH(ft  +  e,)  (22) 

then 

JIf  -  if'  -  H-y  -  X'X  -  Z  (23) 

Now  substituting  the  value  of  M  in  (23)  in  equations  (10),  (18),  (19),  respectively,  and  noting 
that  due  to  ssrmmetry 

and 
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and  since  we  have  chosen  the  X-X  axis  so  that 

we  will  have  the  following  after  reduction 

J'<ilt)      EI 


JV('/2)    3>>.  ds 
-<im     E'l 


'/«)    x^'ds 


(28) 


-<I/2)         E'l 


-      J-iH^-)  "^   EI  f    . 

Now  if  the  arch  b  divided  into  segments  so  that  dslE'I  »  ^  ■>  a  constant,  the  above  equations 
wiUbe 

»-^  (»» 

X  "  =^  -  JTtan  a  -  (J/a  +  J^b)//  (31) 

where  « is  the  number  of  a^ments.   Abo  the  center  of  gravity  is  at  a  distance  above  the  springing  of 

Now  let  Va  and  Vb  be  the  end  shears  at  A  and  B,  respectively;  Ma  and  Mb  be  the  bend- 
ing moments  at  A  and  B^  respectively,  and  Ra  and  Rb  be  the  reactions  as  for  a  simple  beam 
at  A  and  B,  respectively. 

From  equations  (21)  and  (22) 

ft  ^hX'llH^ZIH  (34) 

ft  -    -iX'l/H  +  Z/H  (35) 


Jf.1  -  H(ft  -  (0  (36) 

Mb  -  ilW  -  ft)  (37) 


From  Fig.  7 

and 

also  from  (36),  (37)  and  (21) 

X  ^  (Ma  +  Mb)/1  (38) 

Take  a  section  to  right  of  A,  and  take  moments  about  B»  and 

Va'1  +  Ma  +  Mb  «Ra'1 

VA''RA-iMA+  Mb)/1 

--  Ra-X  (39) 

also 

Vb  ^Rb  +  X  (40) 

Temperature  Stresses. — ^With  an  increase  or  decrease  in  temperature  the  arch  will  expand 
or  contract  uniformly  if  there  is  no  resistance.  The  tangents  at  the  abutments  will  remain  fixed 
which  requires  that 
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The  abutments  will  remain  at  the  same  relative  heights,  which  requires  that 

J-(W)     EI     "  ^' 
Now  if  there  is  no  constraint  and  the  arch  is  free  to  move  under  the  load 


J-iim    E'l 


(42) 


(43) 


where  e  is  the  coefficient  of  expansion  »  0.000,006,7,  ^  ~  ^^^  change  in  temperature  in  degrees  F., 
and  /  »  span  of  arch. 

Now  if  movement  is  prevented,  the  horizontal  reaction,  Htt  will  be  obtained  by  substituting 
the  value  of  M  given  in  equation  (23)  in  equation  (43)  noting  that  M'  »  o,  and 


also 


H, - 


(44) 


//.  ^^^^«m 

(iJlTrrv'  ^ 

7        H 

"■^  zzr 

^ 

A 

1. 

^ 

i 

^ 

ri3 

Fig.  8. 

The  horizontal  thrust  may  be  assumed  to  act  through  the  center  of  gravity  of  the  arch  (point 
of  contra-fiexure)  and  the  moments  in  the  arch  due  to  temperature  will  be  as  shown  in  Fig.  8. 

Stresses  Due  to  Rib  Shortening.^The  direct  thrust  will  cause  a  shortening  of  the  arch  rib 
in  addition  to  the  stresses  already  calculated.  If  the  direct  thrust  were  constant  for  all  sections 
of  the  arch  ring  the  effect  would  be  approximately  the  same  as  for  a  decrease  in  temperature. 
If «  is  the  coefficient  of  linear  expansion  per  degree  F.,  the  change  in  temperature  that  will  have 
the  same  shortening  effect  as  the  direct  thrust  will  be 

t^PKA'E-e)  (45) 

where  P  •-  direct  thrust  «  H  approximately,  A  »  average  area  of  section  and  E  «-  modulus  of 
elasticity. 

The  effect  of  rib  shortening  may  also  be  calculated  as  follows:  The  work  of  deformation  in 
the  arch  is 

TJ  +  Jo  JWTT^  (^^> 


W 


■i: 


2E' 


2E'Ai 


where  N  is  the  normal  stress  on  any  section,  Ai  is  cross-section  of  the  arch  ring,  and  other 
symbols  are  as  previously  defined.  Differentiating  equation  (46)  with  reference  to  H,  V,  and 
Mf  and  substituting  the  values  of  X  and  Z,  we  will  have  after  reduction 

■ff    "        /._u/l/9'    ...       J_  ■ (47) 


J-iUtt 

EI 

ds 
-        4- 

s 
A'E 
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where  A  »  average  cross-section  of  the  arch  ring,  and  5  »  length  of  the  arch  ring,  also  X  and  Z 
are  as  in  equations  (28)  and  (29),  respectively.  The  value  of  ff  in  (47)  differs  from  the  value 
of  i7in  (27)  only  by  the  value  s/A  -E  in  the  denominator.  This  value  is  relatively  small  except 
for  light  arches. 


^4 

«3  ^ 


^ 

t 

l-?li^^ 


^  't  -5  a  ^ 


•      S-    ^    i    C:    V:  "^  ^ 


Problem  z. — Given  a  segmental  reinforced  concrete  highway  arch  having  a  span  of  50'  o", 
a  rise  of  15'  o",  and  a  thickness  of  2'  o",  carrying  a  spandrel  loading  as  shown  and  a  live  load  of 
400  lb.  per  square  foot.  The  solution  will  be  made  for  a  live  load  over  one-half  the  span.  The 
arch  ring  will  be  divided  into  10  equal  segments,  beginning  and  closing  with  a  half  segment  as 
ahown;  the  loads  were  calculated  and  numbered  i,  2,  3,  4,  etc.,  as  shown  in  Fig.  9. 
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Now  lay  ofF  the  loads  i,  2, 3,  etc.,  and  construct  a  force  polygon  with  an  assumed  pole  distance 
of  38,000  lb.  as  in  (6).  With  force  polygon  in  (6)  construct  equilibrium  polygon  VsV  in  (c). 
Now  draw  «n'  parallel  to  VV,  nV  being  made  equal  to  the  arithmetical  mean  of  the  ordinates 
to  the  equilibrium  polygon  VsV\  at  the  points  i,  2,  3*  etc.  The  sum  of  the  ordinates  i-i',  2-2', 
3-3',  etc.,  between  nn'  and  the  equilibrium  polygon  V^V  will  now  be  equal  to  zero. 

The  ans^e  a  between  the  line  nn'  and  mm'  may  be  calculated  by  means  of  equation  (31). 
Lay  off  the  bending  moments  at  points  i,  2,  3,  etc.  in  (c),  Fig.  9,  in  (J),  Fig.  9  assume  a  pole 
dirtance  a  22  ft.,  and  construct  equilibrium  polygon  in  (e).  Also  lay  off  values  of  x,  measured 
from  the  center  of  the  arch,  in  (h)  and  draw  equilibrium  polygon  in  (A.  Then  tan  a  «  oEM'-xl 
flZx^  «  0.0312  and  «-»  ■»  —  m'-n'  »  0.8  ft.  To  calculate  H,  lay  off  values  of  the  bending 
moments  at  i-i',  2-2',  3-3',  etc.  in  (g)  and  with  a  pole  ■»  12  ft.,  draw  equilibrium  polygon  (g'), 
which  gives  an  intercept  15. i  ft.,  and  would  be  proportional  to  XM'-y  if  the  true  value  of  H  had 
been  assumed.  (The  ordinates  for  IT  may  be  measured  to  the  line  V-V  or  to  the  parallel 
line  fff-ffi'.)  Also  lay  off  values  of  y  at  points  i,  2,  3,  etc.  in  (a)  in  (/),  and  with  a  pole  dis- 
tance •-  12  ft.  (pole  distance  for  force  polygons  (/)  and  (g)  should  be  equal  but  may  have  any 
convenient  values),  and  draw  equilibrium  polygon  (f).  Then  intercept  «■  19.3  ft.  and  is  propor- 
tional to  Xy*. 

Now  tlie  true  value  of  H  will  be  found  by  the  equation 

28,000  lb.  :  H  ::  19.3  :  15.1 
and 

H  -•  21,900  lb. 

To  draw  the  true  equilibrium  polygon  in  Fig.  10,  draw  a-b  as  in  Fig.  9,  and  lay  off  a-V  »  m-v 
in  (c)  Fig.  10  ■»  m-ir  X  28,000/21,900  as  given  in  (c),  Fig.  9,  also  lay  b-V  »  m'-V  in  (c). 
Fig.  10  —  m'-V  X  28,000/21,900  as  given  in  (c),  Fig.  10.  Now  lay  off  the  loads  in  force  polygon 
(6),  and  with  pole  distance  H  »  21,900,  draw  equilibrium  polygon  beginning  at  V  and  closing  at 
V.  The  position  of  pole  0  in  a  vertical  line  in  (6)  may  be  determined  as  given  in  (6),  Fig.  9. 
The  pole  0  in  if).  Fig.  10,  may  be  taken  at  any  convenient  point  in  a  vertical  plane  at  a  distance 
H  ■"  21,900  lb.  from  the  load  line,  and  equilibrium  polygon  (c)  may  be  drawn.  The  true  equilib- 
rium polygon  in  (a)  may  be  constructed  by  placing  line  m-m'  on  or-^.  The  values  i-i',  2-2'. 
3-3',  etc.,  in  (c)  when  multiplied  by  H  are  the  true  bending  moments  at  the  corresponding  points. 

The  shear  at  the  section  gh  »  2,000  lb.  The  direct  thrust  in  the  arch  ring  at  the  section 
thvbP  »  32,000  lb.  The  eccentricity  of  P  at  the  section  ^A  is  /  '-  4  in.,  and  the  bending  moment 
will  be  if  "■  32,000  X  4  '-  128,000  in.-lb. 

The  maximum  stress  on  the  section  gk  is 

S^PIAzh  M'cfl 

S  .  3^>oQQ  ^  128,000  X  12 

"24Xl2=*=yVXl2  X24« 

-  +  III  =b  III  -  +  222  or  o  lb. 
Teu^eratore  Stresses. — Now  for  a  change  of  ±  40  degrees  F. 
e'H  -  0.000,006,7  X  40  X  600  in. 
•  0.16  in. 
The  value  of  ds/E-I  -  ^  =  (6  X  i2)/(2,ooo,ooo  X  13,824) 

-  1/384,000,000 
alao 

2>^  -  i  X  19.3  X  12  X  144 

-  16,680 

since  the  values  of  ^r  in  (/ )  were  laid  off  to  twice  the  scale,  and  all  dimensions  are  in  inches. 
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Then 


H. 


0.16 


16,680  X 


db  3,760  lb. 


384,000,000 


The  temperature  stresses  do  not  change  the  vertical  position  of  the  pole  O  in  (6),  Fig.  lo,  but  the 
true  pole  for  direct  load  and  temperature  will  be,  IT  »  25,660  lb.  or  18,140  lb. 


JH   III 


tkufra^Axh — 


^fv  c^": 


V'h^2l900lb. 


5pan  SO'-O^ctoc. 
Rise  15' 0" foe. 
Thickness  Z-O". 
Fadfus  26-0". 


Fig.  10. 


Stresses  Due  Rib  Shortening.^The  value  of  P  is  approximately  32,000  lb.,  and  from  (45) 
i  -  32,000/(12  X  24  X  2,000,000  X  0.000,006,7) 
-  -  8.4- 
The  value  of  Hi  for  this  decrease  in  temperature  will  be  -  84  X  3,760/40  »  —  760  lb. 

Summary. — ^To  provide  for  the  stresses  due  to  direct  loads,  the  temperature  and  the  direct 
thrust  the  pole  distance  will  be  ff  =  +  21,900  ±  3,760  —  760  ■»  24,900  or  17,380  lb.  To 
complete  the  analysis  the  stresses  in  the  arch  should  be  calculated  in  the  same  manner  as  in  Fig.  9 
for  a  value  of  H  -  24,900  lb.  and  H  =«  17,380  lb. 
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IITFLUBNCE  DIAGRAMS.— The  equations  for  H,  X,  and  Z  for  a  unit  load  may  be  obtained 
from  equations  (30),  (31),  and  (32),  respectively,  by  substituting  the  bending  moment  for  a  unit 
load.  For  a  imit  load  the  moment  M'  at  any  point  in  the  arch  will  be  the  distance  x'  from  the 
load  to  the  point  in  question,  multiplied  by  imity  »  x'.  Substituting  M'  ^  x'  in  equations  (30), 
(31)  and  (32)  we  have 

H^^  (48) 


„      Xx'-x 

z  ■■  — 

n 


(49) 
(50) 


The  influence  lines  for  H,  X  and  Z  may  be  calculated  by  substituting  in  equations  (48),  (49), 
and  (50),  respectively,  or  may  be  calculated  by  graphics  as  in  Fig.  li. 
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Z  Influence  Diagram 


Fig.  II. 


Influence  Diagrams  for  Fixed  Arch. 


Infliietice  Diagram  for  H. — Given  an  arch  with  a  varying  cross-section  as  in  Fig.  1 1 .    Divide 

ds 
the  arch  ring  into  20  segments  so  that  ^^v  »  ;  "■  a  constant.    This  can  be  done  most  easily  by 

means  of  the  graphic  method  described  in  Fig.  13.     Calculate  the  gravity  axis  a-b.    This  can 
be  done  algebraically,  or  by  graphics  by  means  of  force  polygon  (a),  and  equilibrium  polygon  (a). 
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To  calculate  X^,  lay  off  the  values  of  3^  as  loads  in  force  polygon  (b),  and  with  an  arbitiary 
pole  distance  pbf  draw  the  equilibrium  polygon  (6),  the  strings  in  equilibrium  polygon  (b),  being 
drawn  parallel  to  the  corresponding  rays  in  force  polygon  (b).  Then  Sy*  ■■  ^*^.  To  calculate 
'Sx'-y  draw  equilibrium  polygon  (c)  with  strings  parallel  to  the  rays  in  force  polygon  (c).  Force 
polygons  (6)  and  (c)  are  identical  except  (c)  is  turned  90*  with  respect  to  (6).  Then  the  value  of 
Zx'-y  at  any  point  will  be  «  ye'Pc  and  the  horizontal  thrust  for  a  load  at  any  point  will  be 

H  -  y^'PelXb'Pb 

but  pb  =  Pe9  and 

H  ^yjxb 

where  yc  is  the  ordinate  in  equilibrium  polygon  (c),  measured  under  the  load. 

The  smooth  curve  tangent  to  the  equilibrium  polygon  {d)  is  the  influence  diagram 
foriT. 

Influence  Diagram  for  X. — ^To  calculate  values  of  2x'.x,  lay  of  values  of  x,  measured  from 
the  center  of  the  arch,  as  vertical  loads  in  force  polygon  (J),  and  with  an  arbitrary  pole  distance  Pd» 
draw  equilibrium  polygon  {d),  by  drawing  the  strings  in  equilibrium  polygon  {d),  parallel  to  the 
rays  in  force  polygon  {d).    Now  the  value  of  2j:'-jc  for  a  load  at  any  point  will  be  yd'Pd* 

Now  the  value  of  yi  at  center  of  space  -  m-n,  multiplied  by  p4  will  be  the  value  2x^,  and 

2«*  =  m-n'pi 
and 


ffp^n-Pi 

The  smooth  curve  tangent  to  equilibrium  polygon  (d)  is  the  influence  diagram  for  X.  The  value 
of  X  for  a  load,  P,  at  any  point  will  be  equal  to  P'yjmr^, 

Influence  Diagram  for  Z.— To  calculate  values  of  Xx\  lay  of  n  equal  segments  as  vertical 
loads  in  force  polygon  («)  and  with  a  pole  distance  p*  »  n,  draw  equilibrium  polygon  (e) 
by  drawing  strings  in  equilibrium  pol3fgon  («)  parallel  to  rays  in  force  polygon  (e).  Then  the 
value  of  'Lx'  at  any  point  will  be  y«*n,  and  we  will  have 

Z  =  y.-nin  -  y^ 

The  value  of  Z  for  a  load  P  at  any  point  will  be 

Z  -  P.y^ 

The  smooth  curve  drawn  parallel  to  the  equilibrium  polygon  (e)  will  be  the  influence  diagram 
forZ. 

The  end  sheara  for  a  unit  load  may  be  calculated  by  equations  (39)  and  (40). 

The  moments  at  the  ends  for  a  unit  load  may  be  calculated  from  equations  (36)  and  (37). 

The  moment  at  any  point  for  a  unit  load  may  also  be  calculated  by  means  of  the  formula  (23), 

M  --  Mi-HyX-x-Z  (23) 

Having  drawn  the  influence  diagrams  the  values  of  horizontal  thrust  and  the  moment  at  the  ends 
and  at  the  crown  may  be  easily  calculated  for  any  loads  on  the  arch,  and  the  loading  for  maximum 
stresses  can  be  determined. 

Live  Loads  on  Highway  Arch  Bridges.— The  committee  on  reinforced  concrete  highway 
bridges  and  culverts,  American  Concrete  Institute,  1914,  recommends  a  20-ton  motor  truck  or 
140  lb.  per  sq.  ft.  for  class  A  bridges,  and  a  15-ton  motor  truck,  and  90  lb.  per  sq.  ft.  up  to  60  ft. 
spans  for  class  B  bridges.  But  one  motor  truck  is  assumed  on  the  bridge  at  one  time,  and  the 
remainder  of  the  bridge  is  covered  with  uniform  load. 

The  Iowa  Highway  Commission  requires  that  arches  be  designed  for  a  uniform  load  of  100 
lb.  per  sq.  ft.  over  the  roadway  and  sidewalks,  or  a  15-ton  traction  engine  so  placed  as  to  produce  in 
combination  with  the  dead  load  stresses  maximum  stresses  in  the  arch  ring. 
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The  Illinois  Highway  Commission  requires  that  arches  be  designed  for  a  live  load  of  125  lb. 
per  sq.  ft.  or  a  concentrated  load  giving  a  maximum  uniform  load  of  525  lb.  per  sq.  ft.,  over  an 
area  16  ft.  wide  and  3  ft.  10  in.  long.    Sidewalks  to  have  a  uniform  live  load  of  125  lb.  per  sq.  ft. 

The  live  loads  specified  by  the  author  are  given  in  Appendix  II. 

Allowable  Stresses. — ^The  allowable  stresses  in  arches  are  given  in  the  author's  "  General 
Specifications  for  Concrete  Bridges  and  Foundations,"  in  Appendix  II. 

Impact — ^Where  there  is  a  crown  filling  of  not  less  than  one  foot  the  effect  of  impact  may  be 
neglected.  For  open-spandrel  arches  with  concrete  slab  floors  the  effect  of  impact  should  be 
considered  the  same  as  for  other  concrete  bridges. 

IMstritmtion  of  Loads  Through  Fill. — ^The  distribution  of  live  loads  when  transmitted  through 
filling  has  been  studied  but  no  standard  specification  has  been  adopted.  A  common  specification 
is  to  assume  that  the  load  on  a  wheel  is  uniformly  distributed  over  a  square  the  side  of  which  is 
equal  to  the  width  of  tire  plus  twice  the  depth  of  the  fill. 


LoAoml 

firMaxifM.9fCnwn 


lOAP//i63 
FbrMax,*M,  af  Spring 


Loading  Z 

For  Max,'K  at  Cnmn 


LoAom  4 

For  Max,  -AC  af  Spring 


Fig.  12. 

The  Ohio  State  Highway  Department  requires  that  on  masonry  arches  with  spandrel  filling 
three  feet  or  more  in  depth,  the  weight  of  the  concentrated  load  shall  be  assumed  as  distributed 
uniformly  over  an  area  12  ft.  wide  and  20  ft.  long  in  the  direction  of  the  roadway.  Where  a 
pavement  is  used  the  concentrated  load  is  assumed  as  distributed  over  an  area  whose  length  is 
equal  to  twice  the  depth  of  earth  fill  plus  four  times  the  thickness  of  the  pavement. 

Allowaiice  for  Tempenture.^Tests  made  at  the  Iowa  State  College  of  Agriculture  and 
Mechanic  Arts  and  described  in  Bulletin  30,  show  that  for  a  latitude  of  approximately  40  degrees 
a  temperature  {xovision  should  be  made  in  designing  an  arch  for  a  variation  of  40  degrees  F.  each 
way  from  the  temperature  of  no  temperature  stress. 

The  Iowa  Highway  Commission  requires  that  arches  be  designed  for  stresses  induced  by  a 
temperature  range  of  80  degrees  F. 

The  Illinois  Highway  Commission  requires  that  arches  be  designed  for  range  of  40  degrees  F. 
either  way  from  normal.  ^ 

Watson's  "General  Specifications  for  Concrete  Highway  Bridges,"  1916  edition,  requires 
that  arches  be  designed  for  a  range  of  35  degrees  each  side  of  normal  for  a  latitude  of  40  degrees* 
and  that  the  limit  be  increased  for  higher  latitudes  and  be  decreased  for  lower  latitudes. 
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Arch  Loading. — Mr.  Cochrane*  calculated  the  stresses  in  arches  by  means  of  influence 
diagrams,  and  recommends  the  four  typical  arrangements  of  live  loads,  as  shown  in  Fig.  12. 
Loadings  i  and  2  are  for  maximum  positive  and  negative  moments  at  the  crown,  respectively, 
and  when  combined  cover  the  entire  span.  Loadings  3  and  4  are  for  maximum  positive  and 
negative  moments  at  the  springing  respectively,  and  when  combined  cover  the  entire  span. 

If  heavy  concentrations  are  specified  the  method  of  influence  lines  should  be  used  in  calculating 
the  stresses  in  arches. 

Division  of  Ardi  Ring  for  ^  »  a  Constant — ^The  arch  may  be  divided  in  segments  in 

a  constant,  by  the  graphic  method  shown  in  Fig.  13.    The  line  A-B  is  made 

equal  to  one-half  the  length  of  the  arch  axis.  The  curve  c-g-d  is  drawn  through  points  whose 
ordinates  are  the  values  of  /  and  whose  abscissas  are  the  corresponding  distances  along  the  arch 
axis  from  the  springing  line.  A  length  A-f  is  then  assumed  for  the  length  of  the  first  segment,  and 
the  isosceles  triangle  A-e-f  is  drawn.    Starting  from  point  /,  lines  are  drawn  parallel  to  A'-e  and 


which  -^j  «  g 


V 


I 
I     I 


Fig.  13. 


e-f  as  shown.  If  the  last  division  does  not  check  at  B  the  operation  must  be  repeated.  The 
base  of  each  triangle  is  the  length  of  As  and  the  altitude  is  the  mean  value  of  7,  and  since  all 
triangles  are  similar  As/I  is  a  constant.  The  modification  of  the  method  shown  by  the  dotted 
lines  may  be  used. 

Best  Shape  of  Arch  Axis.* — If  /  ->  span  of  arch,  x  ->  c./  «  distance  of  any  point  in  arch 
ring  from  center  line;  y  «  vertic^  distance  of  any  point  in  arch  ring  from  tangent  to  arch  ring 
at  center;  r  »  rise  of  arch;  ^  »  angle  between  tangent  to  arch  axis  at  springing  and  the  hori- 
zontal, then  the  equations  that  give  the  best  form  of  arch  axis  are 

For  open-spandrel  arches, 

y  -  rjrr^  (3^  +  lot^-r)  v5i) 


6  +  5r 


tan  ^  B 


8r 


For  filled-spandrel  arches 


e  +  sr 


(3  +  Sr) 


(52) 


•  Design  of  Symmetrical  Hingeless  Arches,  by  Victor  H.  Cochrane,  Proceedings  Engineer's 
Society  of  Western  Pennsylvania,  Vol.  32,  No.  8. 
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4r-l 
I  +3'" 


(c«  +  24«»t) 


tan«=.p^(i  +7.5'') 


(53) 
(54) 


It  is  very  common  practice  to  use  a  form  for  the  arch  such  that  there  will  be  no  tensile  stresses 
in  the  a.rch  for  dead  load. 

Exnpirical  Rules  for  Thickness  of  Arch  Ring."** — ^Joseph  P.  Schwada  gives  the  following 
formula  for  the  thickness  of  highway  bridge  arches: 


'-^Rh^f7K[i-^^-'''-'''-^To] 


(55) 
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where  d  —  crown  thickness  in  feet, 
/  a  clear  span  in  feet, 
R  a  rise  of  intrados  in  feet, 

P  ■=  depth  of  fill  at  crown  in  feet,  not  including  pavement, 
B  =  weight  of  pavement  in  lb,  per  sq.  ft. 
w  a  uniform  live  load  in  lb.  per  sq.  ft. 
The  thickness  of  highway  bridge  arches  for  different  conditions  are  given  in  Fig.  14.     In 
using  formula  (55)  it  is  necessary  to  use  an  approximate  value  of  d;  if  the  calculated  value  and 
assumed  value  of  d  do  not  check,  a  new  value  must  be  assumed  and  the  thickness  recalculated. 
Variation  in  Thickness  of  Arch  Rib.t — Mr.  Cochrane  has  made  an  analysis  of  the  variation 
in  rib  thickness  to  give  equal  stresses  throughout  the  arch  rib.    The  variation  in  thickness 
18  shown  in  Fig.  15.    The  thickness  at  the  quarter  point  may  be  less  than  at  the  crown,  but  an 
arch  of  this  design  would  be  unsightly  and  difficult  to  build.    The  variation  in  thickness  of  arch 
rib  shown  by  the  dotted  lines  is  recommended. 

Reinforcement  of  Arch  Rings. — Reinforcement  in  concrete  arches  makes  the  action  of  the 
structure  more  certain  and  permit  higher  working  stresses  in  the  conrcete  than  can  be  permitted 

*  Engineering  News,  Nov.  9,  19 16,  p.  880. 

t  Design  of  Symmetrical  Hingeless  Arches,  by  Victor  H.  Cochrane,  Proceedings  Engineer's 
Society  of  Western  Pennsylvania,  Vol.  32,  No.  8. 
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Fig.  15. 

on  plain  concrete  arches.  Reinforced  concrete  arches  can  therefore  be  built  with  thinner  arch 
rings  and  lighter  abutments  than  plain  concrete  arches.  More  reinforcement  is  used  than  would 
be  required  to  take  the  tensile  stresses. 

It  is  the  best  practice  to  use  reinforcement  near  both  surfaces  of  the  arch  ring  to  insure 
against  positive  and  negative  moments.  The  amount  of  steel  at  the  crown  varies  from  }  to  1 1 
per  cent.  The  author  has  specified  i  per  cent  of  reinforcement  at  the  crown  in  "  General  Specifica- 
tions for  Concrete  Bridges  and  Foundations,"  in  Appendix  II.  Transverse  bars  at  right  angles  to 
the  longitudinal  bars  are  generally  used  to  prevent  cracks  in  the  concrete  and  to  assist  in  distribut- 
ing the  loads  laterally.  Web  reinforcement  is  not  ordinarily  required  for  shear,  but  has  the 
advantage  of  making  the  longitudinal  and  transverse  reinforcement  act  as  a  unit,  and  web  re- 
inforcement should  preferably  be  used. 

For  the  calculation  of  stresses  due  to  direct  stress  and  flexure  as  in  arch  rings,  sec  Chapter 
XVIII. 

EXAMPLES. — ^The  arch  bridge  shown  in  Fig.  16  was  designed  by  the  Iowa  Highway  Com- 
mission. The  bridge  was  designed  for  a  live  load  of  100  lb.  per  sq.  ft.  or  a  15-ton  traction  engine. 
The  allowable  compression  in  concrete  was  650  lb.  per  sq.  in.  where  no  temperature  stresses  occur, 
and  750  lb.  per  sq.  in.  where  temperature  stresses  are  included.  The  allowable  tension  in  steel 
was  16,000  lb.  per  sq.  in.,  with  20,000  lb.  per  sq.  in  where  temperature  stresses  were  included. 
The  arch  rib  was  designed  for  a  variation  of  40  degrees  F.  from  the  mean.  The  arch  ring,  abut- 
ments and  spandrels  were  built  of  1-2-4  mix  Portland  cement  concrete. 

The  arch  bridge  shown  in  Fig.  17  was  designed  by  the  Michigan  State  Highway  Department. 
The  bridge  was  designed  for  a  uniform  live  load  of  100  lb.  per  sq.  ft.  or  an  18-ton  road  roller. 
The  arch  ring  was  built  of  1-2-4  niix  Portland  cement  concrete,  while  the  abutments  were  built 
of  1-3-6  mix  Portland  cement  concrete.  The  concrete  in  the  arch  rib  was  designed  for  a  com- 
pression of  650.1b.  per  sq.  in.    The  allowable  tension  in  steel  was  16,000  lb.  per  sq.  in. 

Rainbow  Arch  Bridge. — ^The  arch  bridge  in  Fig.  18,  built  at  Carmi,  111.  in  1916,  has 
three  arch  spans  of  90  ft.  each  between  piers,  with  a  rise  of  18  ft.  and  a  radius  of  65  ft.  3  in. 
on  the  under  side.  It  has  an  i8-ft.  roadway.  The  arch  was  constructed  by  placing  the  struc- 
tural steel  reinforcing  of  the  ribs  first,  connecting  them  rigidly  in  place  by  struts,  floorbeams  and 
hangers.  The  formwork  was  then  built  around  the  steel  reinforcing.  The  reinforcing  for  the 
arch  ribs  is  composed  of  four  angles  laced  on  four  sides  and  with  the  backs  of  the  angles  turned 
outward.    The  concrete  was  1:24  mix  using  gravel  with  a  maximum  size  of  ij  in. 

The  bridge  was  designed  for  a  live  load  of  125  lb.  per  sq.  ft.  and  a  20-ton  road  roller.  The 
stresses  were  those  required  by  the  specifications  of  the  Illinois  Highway  Commission.  The 
plans  were  prepared  by  the  Marsh  Bridge  Company,  which  has  patented  certain  features  of  the 
bridge. 

The  cost  of  the  bridge  in  19 16  was  $21,960. 
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REFERENCES. — For  excellent  algebraic  solutions,  see  Tumeaure  and  Maurer's  ''Prin- 
ciples of  Reinforced  Concrete  Construction,**  Taylor  and  Thompson's  "Concrete,  Plain  and 
Reinforced,'*  and  Hool  and  Johnson's  "Concrete  Engineer's  Handbook." 
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PART  IV. 
CONSTRUCTION  OF  HIGHWAY  BRIDGES. 


CHAPTER  XXIV. 
Bridge  Engineering. 

Introductioii. — ^The  discussion  in  this  chapter  will  include  Bridge  Surveys,  Bridge  Plans, 
Bridge  Contracts,  and  Specifications. 

For  a  detailed  discussion  of  Structural  Drafting,  see  Chapter  XII  of  the  author's  "Structural 
Engineers'  Handbook." 

BRIDGE  SURVEYS. — Before  beginning  the  plans  for  a  highway  bridge,  a  very  careful 
and  complete  survey  should  be  made  of  the  proposed  bridge  site.  The  information  should  be 
complete  enough  to  enable  the  designer  to  decide  upon  the  proper  type  and  details  of  the  structure 
which  is  best  suited  to  the  conditions.    The  survey  should  include  the  following  data. 

1.  Location  of  bridge  together  with  distance  from  shipping  points. 

2.  Complete  data  with  careful  sketch  plans  of  the  present  structure,  and  substructure. 

3.  Data  on  high  and  low  water  together  with  a  report  on  the  efficiency  of  the  present  water- 
way. 

4.  Survey  of  proposed  bridge  site  which  should  include 

a.  Bench  mark. 

b.  Survey  should  be  tied  to  section  comers  or  definite  and  known  land  lines. 

c.  The  alignment  of  the  road  should  be  given  on  each  side  of  the  bridge.  The  skew  of  the 
center  line  of  the  bridge  should  be  given  with  the  channel. 

d.  The  plan  should  show  the  course  of  the  stream,  the  bank  lines,  old  channels,  dykes  or 
spoil  banks,  direction  of  flow  during  flood  stage,  bank  erosion,  etc. 

The  plan  should  show  the  location  of  the  old  structure  and  a  proposed  location  of  the  new 
structure. 

The  plan  should  show  contours  of  the  stream  together  with  high  and  low  water  marks. 

Soundings  should  be  made  to  determine  the  character  of  the  foundation  material.  The 
soundings  may  be  made  by  boring,  by  driving  pipes  or  by  digging  pits.  For  an  important  bridge 
crossing  two  sets  of  borings  should  be  made,  (i)  Borings  should  be  made  along  the  center  line, 
and  from  them  if  favorable  the  location  of  the  piers  and  abutments  should  be  determined.  (2) 
After  tentative  locations  of  the  piers  additional  borings  should  be  made  on  the  site  of  each  pier 
or  abutment,  at  least  one  at  each  comer,  and  intermediate  ones  if  necessary.  The  data  should 
include  the  lowest  water  level  and  depth  of  foundations,  character  of  material  upon  which  the 
foundations  will  rest,  data  on  number,  spacing  and  length  of  piles  if  they  are  to  be  used.  An 
estimate  should  be  made  of  the  safe  load  on  the  foundations,  and  a  recommendation  should  be 
made  aa  to  the  best  type  of  foundation.  The  liability  of  the  bank  to  scour  should  be  noted,  and 
suggestions  should  be  given  as  to  the  best  means,  such  as  riprap  or  sheet  piling  to  prevent  it. 

The  plan  should  show  the  location  of  bench  marks,  alignment  hubs  and  reference  points, 
section  and  township  numbers,  width  of  right  of  way,  property  owners  of  adjacent  property, 
directions,  scales,  and  other  data. 

e.  The  profile  should  show  the  present  and  proposed  road  grades;  the  cross-sections  of  the 
channel  on  center  line,  and  if  the  channel  is  irregular  cross-sections  on  lines  parallel  to  the  center 
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line.  The  high  and  low  water  marks  should  be  shown  and  the  date  of  high  water  should  be  noted. 
All  runoff  data  should  be  recorded.  Soundings  should  be  made  of  the  stream  and  data  should 
be  obtained  on  scour.  All  overflow  openings  should  be  recorded.  All  intersecting  road  grades 
should  be  recorded. 

/.  A  survey  should  be  made  of  the  stream  for  a  distance  varying  from  500  ft.  to  i»ooo  ft.  on 
both  sides  of  the  bridge  site  to  determine  the  fall,  the  cross-section  and  hydraulic  properties  of 
the  stream  bed  that  will  make  it  possible  to  make  an  estimate  of  the  flow  of  the  stream,  and  also 
the  necessary  clear  channel  at  the  bridge  site.  The  clear  openings  of  other  bridges  on  the  aame 
stream  should  be  noted  together  with  notes  on  the  high  water  marks,  and  data  on  the  adequacy 
of  the  waterway  opening. 

g.  Surveys  should  be  made  on  the  center  line  of  the  highway  with  cross-sections  at  intervals 
of  100  ft.  or  less,  so  that  the  cost  of  constructing  approaches  may  be  estimated. 

h.  If  the  stream  has  a  crooked  channel  a  survey  should  be  made  to  obtain  complete  data  to 
determine  whether  or  not  a  channel  change  is  necessary. 


Fig.  I.    Profile  and  Map  of  Bridge  Site.    Oregon  Highway  Commission. 

*.  Recommendations  should  be  made  by  the  engineer  in  charge  of  the  survey  as  to  (i)  type 
of  structure;  (2)  number  and  length  of  spans;  (3)  width  of  roadway;  (4)  proposed  grade  eleva- 
tion; (5)  special  loading  requirements;  (6)  depth  of  footings  and  type  of  foundations;  (7)  special 
features  of  design,  such  as  light  poles,  sidewalks,  name  plate,  retaining  walls. 

A  plan  and  a  profile  of  a  bridge  site  as  prepared  by  the  Oregon  Highway  Commission  is  given 
in  Fig.  I. 

The  following  data  are  required  to  be  furnished  by  the  Oregon  Highway  Commissioa. 


SURVEY  OF  SITE. 
General  Information  (Data  Required.) 

(Please  answer  every  question) 

1.  Width  of  roadway  desired 

2.  Type  of  floor  wanted — ^wood  or  concrete 

3.  Type  of  joists  wanted — ^wood  or  steel , 
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4.  Number  of  sidewalks  required 

5.  Width  of  sidewalks 

6.  Type  of  bridge  preferred — steel,  concrete,  or  wood 

7.  Give  date  and  elevation  of  extreme  high  water 

8.  Give  date  and  elevation  qf  average  low  water 

9.  Is  the  crossing  on  a  "trunk "  or  secondary  road 

10.  If  grade  has  been  established  show  elevations  on  profile 

11.  Distance  from  bridge-site  to  nearest  railroad  station 

12.  Condition  of  road  from  railroad  station  to  bridge-site 

13.  Can  sand  and  stone  for  concrete  be  obtained  locally.     If  so,  give  distance  from  bridge-site. . 

14.  Can  timber  for  falsework  and  piling  be  obtained  locally.    If  so,  give  distance  from  bridge-site . 

15.  Is  there  a  bridge  at  this  site  at  present.     If  so,  indicate  location  on  map  and  profile 

16.  Will  it  be  necessary  to  maintain  traffic  during  construction  of  new  bridge 

17.  Is  design  of  approaches  desired 

18.  If  earth-filled  approaches  prove  economical,  is  suitable  material  available  for  filling 

19.  Will  the  approaches  be  constructed  by  county  forces 

20.  Give  date  of  desired  completion  of  structure 

21.  Give  direction  in  which  roads  will  approach  bridge 

22.  Note  if  there  will  be  plenty  of  clearance  for  swinging  teams  in  narrow  canyons  or  bluff 

surroundings 

MAP  AND  PROFILE  OF  BRIDGE-SITE. 

Over 

(Creek  or  River) 

in  Section ,   Township ,   Range M., 

near , 

(Town  or  City)  (County) 

BRIDGE  PLANS. — ^The  plans  for  a  bridge  must  contain  all  the  information  necessary 
for  the  design  of  the  structure,  for  ordering  the  material,  for  fabricating  the  bridge  in  the  shop,  for 
erecting  the  structure,  and  for  making  a  complete  estimate  of  the  material  used  in  the  structure. 
Every  complete  set  of  plans  for  a  bridge  must  contain  the  following  information,  in  so  far  as 
the  different  items  apply  to  the  particular  structure. 

1.  General  Plan. — ^This  will  include  a  profile  of  the  ground;  location  of  the  structure;  ele- 
vations of  ruling  points  in  the  structure;  clearances;  grades;  direction  of  flow,  high  water,  and 
low  water;  and  all  other  data  necessary  for  designing  the  substructure  and  superstructure. 

2.  Stress  Diagram. — ^This  will  give  the  main  dimensions  of  the  bridge,  the  loading,  stresses 
in  all  members  for  the  dead  loads,  live  loads,  wind  loads,  etc.,  itemized  separately;  the  total 
maximum  stresses  and  minimum  stresses;  sizes  of  members;  typical  sections  of  all  built  members 
showing  arrangement  of  material,  and  all  information  necessary  for  the  detailing  of  the  various 
parts  of  the  structure. 

3.  Shop  Drawings. — ^Shop  detail  drawings  should  be  made  for  all  steel  and  iron  work  and 
detail  drawings  of  all  timber,  masonry  and  concrete  work. 

4.  Foundation  or  Masonry  Plan. — ^The  foundation  or  masonry  plan  should  contain  detail 
drawings  of  all  foundations,  walls,  piers,  etc.,  that  support  the  structure.  The  plans  should 
show  the  loads  on  the  foundations;  the  depths  of  footings;  the  spacing  of  piles  where  used;  the 
proportions  for  the  concrete;  the  quality  of  masonry  and  mortar;  the  allowable  bearing  on  the 
soil;  and  all  data  necessary  for  accurately  locating  and  constructing  the  foundations. 

5.  Erection  Diagram. — ^The  erection  diagram  should  show  the  relative  location  of  every  part 
of  the  structure;  shipping  marks  for  the  various  members;  all  main  dimensions;  number  of  pieces 
in  a  member;  packing  of  pins;  size  and  grip  of  pins,  and  any  special  feature  or  information  that 


Digitized  by 


Google 


426  BRIDGE  ENGINEERING.  Chap.  XXIV. 

may  assist  the  erector  in  the  field.    The  approximate  weight  of  heavy  pieces  will  materially  assist 
he  erector  in  designing  his  falsework  and  derricks. 

6.  Falsework  Plans. — For  ordinary  structures  it  is  not  common  to  prepare  falsework  plans 
in  the  office,  this  important  detail  being  left  to  the  erector  in  the  field.  Erection  plans  should 
be  worked  out  in  the  office,  and  should  show  in  detail  all  members  and  connections  of  the  falsework, 
and  also  give  instructions  for  the  successive  steps  in  canying  out  the  work.  Falsework  plans  are 
especially  important  for  concrete  and  masonry  arches  and  other  concrete  structures,  and  for  forms 
for  all  walls,  piers,  etc.  Detail  plans  of  travelers,  derricks,  etc.,  should  also  be  furnished  the 
erector. 

7.  Bills  of  Material. — Complete  bills  of  material  showing  the  different  parts  of  the  stnic- 
ture  with  its  mark,  and  the  shipping  weight  should  be  prepared.  This  is  necessary  in 
checking  up  the  material  to  see  that  it  has  all  been  shipped  or  received,  and  to  check  the 
shipping  weight. 

8.  Rivet  list — ^The  rivet  list  should  show  the  dimensions  and  number  of  all  field  rivets, 
field  bolts,  spikes,  etc.,  used  in  the  erection  of  the  structure. 

9.  List  of  Drawings. — ^A  list  should  be  made  showing  the  contents  of  all  drawings  belonging 
to  the  structure. 

DESIGN  PLANS. — ^The  preliminary  plans  of  steel  bridges  may  consist  (i)  of  a  stress 
diagram  showing  the  stresses,  dimensions  and  sizes  of  the  principal  members  of  the  bridge,  and 
also  standard  specifications  as  given  in  Appendix  I ;  (2)  of  detail  plans  which  show  the  make-up 
of  all  the  members  together  with  the  maximum  and  minimum  spacing  of  the  rivets,  thickness  and 
sizes  of  plates,  lacing  bars,  etc.,  and  also  standard  specifications;  and  (3)  of  completely  detailed 
shop  plans  and  specifications.  When  properly  carried  out  all  of  the  methods  will  give  satisfactory 
results.  Ordinarily  the  customer  cannot  understand  the  details  of  the  bridge  from  a  study  of  the 
stress  diagram  and  finds  the  second  and  third  methods  much  more  satisfactory.  It  is  seldom 
profitable  to  prepare  shop  plans  until  after  the  order  for  the  bridge  has  been  placed  in  the  shop, 
and  requisitions  have  been  made  for  the  material.  On  the  whole,  the  method  of  preparing  the 
preliminary  plans,  as  described  in  (2),  is  the  most  satisfactory.  This  makes  it  possible  to  specify 
exactly  the  details  of  the  sections  and  at  the  same  time  permits  the  bridge  shop  to  follow  its  own 
methods  wherever  possible.  The  shop  practice  in  different  shops  differs  so  much  that  it  is  ordi- 
narily cheaper  for  the  bridge  company  to  prepare  its  own  shop  plans  than  to  follow  shop  plans 
that  have  been  prepared  by  engineers  that  are  not  familiar  with  the  particular  shop. 

The  plans  for  concrete  bridges  should  be  prepared  as  shown  in  Chapters  XIX  to  XXIII, 
inclusive,  and  specifications  as  in  Appendix  II. 

BRIDGE  CONTRACTS. — ^The  contracts  for  building  highway  bridges  are  ordinarily  let  by 
county  commissioners,  county  surveyors  or  other  county  officers.  In  a  few  states  contracts  for 
building  bridges  are  let  by  state  or  highway  engineers.  The  common  method  of  awarding  con- 
tracts for  highway  bridges  has  been  about  as  follows:  Three  or  four  weeks  before  the  date  set  for 
the  bridge  letting  the  county  derk  or  other  officer  advertises  that  bids  will  be  received  up  to  a 
certain  hour  for  building  a  certain  bridge  or  bridges,  and  that  the  bids  will  then  be  publicly 
opened  and  the  contract  awarded.  The  main  dimensions  and  the  capacity  only  are  ordinarily 
specified  and  the  bidders  are  asked  to  submit  their  own  plans  and  specifications.  When  the 
various  bids  and  plans  are  received  the  commissioners  are  entirely  at  a  loss  as  to  what  is  the  best 
thing  to  do,  and  the  result  is  that  either  the  contract  is  given  to  the  lowest  bidder  on  a  very  poor 
plan  or  is  given  to  a  favorite  bidder  on  a  plan  that  results  in  a  worse  bridge.  This  loose  method 
of  contracting  for  bridges  makes  it  practically  impossible  for  even  honest  officials  to  procure  a 
satisfactory  structure  and  opens  up  the  way  for  dishonest  officials  and  contractors  to  arrange  a 
deal  whereby  the  public  comes  out  second  best.  It  also  makes  it  possible  for  the  contractors  to 
"  pool "  so  that  the  bridge  contract  will  go  to  a  member  of  the  pool  at  an  agreed  price.  The  county 
surveyor  or  local  engineer  is  ordinarily  not  much  better  posted  on  the  merits  of  the  bids  and 
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^7  ^  plans  than  the  commissioners,  and  his  participation  in  the  letting  does  not  ordinarily  improve 

matteiB. 
tri;.  The  practice  of  "bridge  pooling"  is  disreputable  and  has  worked  to  the  disadvantage  of 

li  y  both  the  public  and  of  reputable  bridge  companies.  It  has  made  it  possible  for  "  fake  bridge 
\jei'  companies*'  to  exist  and  also  for  crpoked  public  officials  to  receive  part  of  the  profits  of  the  trans- 
it.-   action.    It  has  uniformly  resulted  in  high  prices  and  poor  bridges. 

rf  Before  advertising  for  bids  the  matter  of  the  design  of  the  bridge  or  bridges  should  be  placed 

:it.     in  the  hands  of  a  competent  consulting  bridge  engineer.     Detail  plans  and  specifications  should 

be  prepared  and  an  estimate  of  the  probable  cost  submitted  to  the  officials.     All  bids  should  then 

^  ^    be  received  on  the  official  plans  and  specifications.     If  the  bids  are  too  high  they  should  all  be 

.^:,     rejected  and  the  work  readvertised  on  the  same  or  on  revised  plans.    The  bridge  contractor  takes 

^.,      a  considerable  risk  and  is  entitled  to  a  good  legitimate  profit,  and  the  engineer  should  add  15  to 

20  per  cent  for  profit  to  his  estimated  cost.     No  work  should  be  done  at  the  shop  until  after  the 

shop  plans  have  been  checked  and  approved  by  the  consulting  engineer.    The  shop,  field  and  final 

inspection  should  be  in  the  hands  of  the  consulting  engineer.    This  method  will  meet  the  approval 

of  all  legitimate  bridge  companies/  and  will  result  in  better  bridges  at  a  less  cost. 

In  several  states  the  construction  of  highway  bridges  is  supervised  by  the  state  highway 
commission,  while  in  other  states  the  state  highway  commission  gives  assistance  in  preparing 
plans  and  constructing  highway  bridges  when  requested  so  to  do. 

ADVERTISEMENT  FOR  BIDS.— To  obtain  bids  from  responsible  bidders  the  bridge  letting 
should  be  advertised  in  the  local  papers  and  in  the  technical  press. 

The  following  advertisement  will  serve  to  show  what  data  should  be  furnished  prospective 
bidders. 

BRIDGE  ADVERTISEMENT. 

BRIDGES  AND  CULVERTS. 
Kewanee,  Illinois. 
Sealed  proposals  will  be  received  by  the  Board  of  Commissioners  of  Road  Improvement 
District  No.  I,  of  Henry  County,  Illinois,  at  Kewanee,  Illinois,  until  eleven  o'clock  A.M.,  Aug.  7, 
1919,  for  the  construction  of  bridges  and  culverts  as  follows: 

50-ft.  Steel  Bridge 24  ft.  wide 

50-ft.  Steel  Bridge 20  ft.  wide 

152-ft.  Concrete  Viaduct 24  ft.  wide 

i6o-ft.  Concrete  Viaduct 20  ft.  wide 

4  Concrete  Culverts 4  ft.  by  5  ft. 

Proposals  must  be  submitted  on  the  form  furnished  by  the  Board  and  must  be  accompanied 
by  a  certified  check,  payable  to  the  Treasurer  of  Road  Improvement  District  No.  i,  Henry  County, 
Illinois,  for  not  less  than  five  per  cent  of  the  total  amount  of  the  bid. 

Plans,  specifications  and  estimate  of  quantities  may  be  examined  at  the  office  of  the  Con- 
sulting Engineer,  Kewanee,  III.,  and  at  the  office  of  the  Board  of  Commissioners  of  Road  Improve- 
ment District  No.  I,  Kewanee,  Illinois. 

Plans  will  be  furnished  by  the  undersigned  upon  receipt  of  deposit  of  five  {$$)  dollars  which 
will  be  refunded  upon  safe  return  of  plans. 

The  right  is  reserved  to  reject  any  or  all  bids  and  to  waive  any  informality  in  the  bids 
received.  Board  of  Commissioners  of  Road  Improvement 

District  No.  i,  Henry  County,  Illinois. 

John  C.  Jones,  Consulting  Engineer. 

CONTRACT. — ^After  the  contract  has  been  awarded  the  contract  papers  should  be  drawn 
up  and  signed,  and  an  indemnity  bond  should  be  furnished  by  a  good  surety  company.  Sample 
contract  and  bond  forms  used  by  the  author  follow: 


Digitized  by 


Google 


428  BRIDGE  ENGINEERING.  Chap.  XXIV. 

BRIDGE  CONTRACT. 

Agreement  made  this day  of ,  19 ,  by  and  bet^^lreen 

,  a  corporation  of  the  State  of ,  party  of  the  first 

part,  and ,  party  of  the  second  part. 

Witnesseth,  that  for  the  consideration  and  upon  the  terms  and  conditions  hereinafter  pro- 
vided, the  party  of  the  first  part  agrees  to  furnish  all  material  and  labor  therefor,  and  construct 

and  erect  in  a  good  and  workmanlike  manner over  the 

called   at  a  point  where  the  

crosses  said  in  the of  ,  County  of 

,  and  State  of ,  according  to  the  attached  plans  and  speci- 
fications which  are  made  a  part  of  this  contract:  The  bridge  is  to  have spans;  extreme 

length  of  each  span, ;   space  between  the  face  of  abutments, ; 

roadway,  feet  clear;   sidewalk,  feet  clear.    The  abutments  to  be 

;  the  piers  to  be 

It  is  further  agreed  that  the  said  first  party  shall  save  and  hold  said  second  party  free  and 
harmless  from  any  and  all  claims  for  damages  to  life,  limb  or  property  occasioned  or  caused  by 
said  first  party's  employees;  and  from  all  claims  for  materials  and  labor  furnished  on  this  contract. 

The  party  of  the  first  part  agrees  to  complete  the  work  herein  contracted  for,  and  to  have 
the  said  bridge  open  and  ready  for  travel  on  or  before  the day  of , 

19 

The  party  of  the  second  part  agrees  to  pay  the  party  of  the  first  part  for  said  bridge  the 

sum  of  in  cash,  as  follows:    per  cent  upon  the  delivery 

by  the  party  of  the  first  part  of  the  steel  and  other  material  on  the  bridge  ute  for  said  bridge, 

per  cent  additional  upon  the  completion  of  the  erection  of  the  different  parts  of  the 

bridge,  and  the  remaining per  cent  upon  the  completion  and  acceptance  of  the  bridge 

by  the  consulting  engineer  of  the  second  party.  Estimates  of  material  delivered  and  work  done 
shall  be  made  by  the  consulting  engineer  not  later  than  the  5th  day  of  the  month  for  all  material 
delivered  or  work  done  during  the  preceding  month,  and  the  payment  will  be  made  on  or  before 
the  15th  of  the  month  for  the  material  delivered  and  work  done  the  preceding  month. 

.  It  is  further  stipulated  and  agreed  that  the  party  of  the  first  part  shall  furnish  to  the  party 

of  the  second  part  an  indemnity  bond  in  an  approved  surety  company  in  the  sum  of 

dollars. 

It  is  further  stipulated  and  agreed  that  for  the  failure  of  the  first  party  to  complete  the  bridge 

as  stipulated  the  said  first  party  shall  forfeit  dollars  for  each  working  day  until 

the  bridge  is  completed.     This  sum  to  be  considered  as  liquidated  damages,  and  not  as  a  penalty. 

(It  is  further  stipulated  and  agreed  that  the  party  of  the  first  part  shall  not  be  held  respon- 
sible for  delays  in  delivery  of  material  from  the  rolling  mills,  nor  delays  in  transportation,  nor 
for  delays  occasioned  by  strikes,  fires,  floods,  storms,  or  other  circumstances  beyond  its  control, 
but  may  be  granted  an  extension  of  time  as  may  be  determined  by  the  consulting  engineer  of  the 
second  party.) 

In  Witness  Whereof,  the  said  parties  to  this  agreement  hereunto  set  their  hands  and  seals 
as  of  the  day  and  year  first  above  written. 

First  Party. 

Second  Party. 

BOND. 

Know  all  Men  by  These  Presents,  that  ,  as  party  of  the 

first  part,  and  the ,  a  corporation  organized  and  existing  under  the 

laws  of  the  State  of as  Surety,  are  held  and  firmly  bound  unto  the 

,  party  of  the  second  part,  its  successors  and  assigns,  in  the  sum  of 

dollars,  lawful  money  of  the  United  States,  to  the  payment  of  which  sum  well  and  truly  to  be 


Digitized  by 


Google 


BRIDGE  CONTRACTS.  429 

made  the  said  first  party  and  the  said  Surety  do  hereby  bind  themselves,  their  heirs,  executors, 
administrators,  successors  and  assigns,  jointly  and  severally,  firmly  by  these  presents. 

Signed,  Sealed,  Dated  and  Delivered,  this day  of ,  19 

WHEREAS,  the  said  party  of  the  first  part  has  entered  into  a  certain  contract  with  the 
,  dated ,  19 ,  for 


which  contract  is  hereto  attached  and  made  a  part  hereof,  and  for  a  fuller  description  thereof 
reference  is  made  to  said  contract:  . 

NOW,  THEREFORE,  THE  CONDITION  OF  THIS  OBLIGATION  IS  SUCH,  that 
if  the  said  party  of  the  first  part  shall  and  does  pay  as  they  become  due,  all  just  claims  for  all 
work  and  labor  performed  and  all  skill  and  material  furnished  in  the  execution  of  such  contract, 
tnd,  also,  shall  save  the  party  of  the  second  part  named  in  this  bond  harmless  from  any  cost, 
charge  and  expense  that  may  accrue  on  account  of  the  doing  of  the  work  specified  in  such  contract 
according  to  the  terms  thereof  and  the  contract  price  therein,  and  shall  comply  with  all  the  require- 
ments of  the  law,  then  this  obligation  shall  be  void;  otherwise  to  remain  in  full  force  and  effect. 

IN  TESTIMONY  WHEREOF,  We  have  hereunto  set  our  hands  and  seals,  this 

day  of ,  19 

Signed,  sealed  and  delivered 

in  the  presence  of 


.Seal. 
.Seal. 


State  of ") 

County  op y' 

On  this day  of ,  19 ,  before  me,  a  Notary  Public  in  and 

for  the  County  and  State  aforesaid,  personally  came 

to  me  known,  who,  being  by  me  duly  sworn,  did  depose  and  say  that  he  resided  in 

;  that  he  is  the of  the 

,  the  corporation  described  in  and  which  executed  the  above  bond 

as  party  of  the  first  part;  that  he  knew  the  seal  of  said  corporation;  that  the  seal  afilixed  to  said 
instrument  was  such  corporate  seal;  that  it  was  so  affixed  by  order  of  the  board  of  directors  of 
said  corporation  and  that  he  signed  his  name  thereto  by  like  order. 


Notary  Public. 

St  ATB  op: ; . . .  1 

County  of j^®* 

On  this day  of ,  19 ,  before  me,  a  Notary  Public  in 

and  for  the  County  and  State  aforesaid,  personally  came  

to  me  known,  who,  being  by  me  duly  sworn,  did  depose  and  say  that  he  resided  in 

;  that  he  is  the of  the 

,  the  corporation  described  in  and  which  executed  the  above  bond  as 

Surety;  that  he  knew  the  seal  of  said  corporation;  that  the  seal  affixed  to  said  instrument  was 
such  corporate  seal;  that  it  was  so  affixed  by  order  of  the  board  of  directors  of  said  corporation 
and  that  he  signed  his  name  thereto  by  like  order. 


Notary  Public. 
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GENERAL  SPECIFICATIONS  FOR  CONSTRUCTION  OF  A  HIGHWAY   BRIDGE.* 

GENERAL  CLAUSES. 

1.  Intent  of  Spedflcations* — ^The  intent  of  these  specifications  is  to  provide  for  the  erection 
and  completion  of  the  work  described  herein  in  detail,  and  it  is  understood  that  the  contractor 
for  all  or  any  part  will  furnish  all  labor,  materials,  tools,  transportation  and  necessary  supplies 
to  make  each  part  complete.  Any  deviation  from  these  requirements  must  be  stipulated  m  the 
contract. 

A  profile  and  bridge  plan  will  be  furnished,  but  each  bidder  must  satisfy  himself  by  ex- 
aminations as  to  the  character  of  the  material  and  all  local  conditions  affecting  the  contract. 

2.  Working  Drawings. — ^The  contractor  shall  prepare  such  working  or  shop  plans  as  may 
be  required  to  properly  detail  the  work.  The  shop  and  working  drawings  shall  be  submitted  to 
the  engineer  for  his  approval.  All  materials  ordered  or  work  done  bv  the  contractor  before  the 
shop  and  working  drawings  have  been  approved  by  the  engineer  shall  be  done  at  the  risk  of  the 
contractor.  Three  copies  of  shop  and  detail  drawing  shall  be  furnished  to  the  engineer  for 
checking  and  approval;  additional  copies  may  be  required  by  the  engineer. 

3.  Proposals. — ^The  right  is  reserved  to  reject  any  and  all  bids,  and  to  waive  any  informality. 
All  proposal  guarantees  will  be  returned  immediatelv  after  opening  the  bids,  except  those  of  the 
three  lowest  bidders,  which  will  be  returned  within  three  days  after  the  execution  of  the  contract, 
or  rejection  of  all  bids. 

4.  EstLmates  of  Quantities. — Preliminary  estimates  of  quantities  furnished  by  the  engineer 
are  intended  only  as  a  check  on  the  contractor's  figures  and  are  not  guaranteed  to  be  accurate. 
The  estimate  of  quantities  for  final  payment  will  be  prepared  by  the  engineer  as  the  structure  is 
constructed. 

5.  Changes  in  Plans. — ^The  plans  are  prepared  for  the  known  conditions.  Increase  or 
decrease  in  quantities  necessary  to  provide  for  actual  conditions  will  not  impair  this  contract. 
If  any  changes  are  made  in  the  plans,  the  price  to  be  paid  for  such  changes  must  be  agreed  upon 
in  writing  at  the  time  such  changes  are  ordered,  and  before  the  work  is  done  by  the  contractor. 

6.  Liability  Insurance. — ^The  contractor  shall  carry  liability  insurance  to  protect  the  public 
from  injuries  sustained  bv  reason  of  carrying  on  this  work,  to  protect  the  workmen  employed 
on  the  work,  or  to  meet  the  requirements  of  the  workmen's  compensation  law,  if  one  be  in  force. 

7.  Patented  Construction. — ^The  purchaser  assumes  all  responsibility  for  defending  all  suits 
for  infringement  of  any  patent  infringed  or  claimed  to  be  infringed  by  the  design  or  type  of  anv 
structure  provided  for  under  plans  furnished  to  the  contractor,  and  to  pay  any  royalty  which 
said  patentee  is  entitled  to  under  judgment  of  the  court,  if  any,  and  to  hold  said  contractor  harm- 
less on  account  of  such  suits  for  royalty. 

The  contractor  assumes  all  responsibility  for  defending  all  suits  brought  for  the  infringement 
of  any  patent  claimed  to  be  infringed  by  any  plans  submitted  by  him,  or  by  any  process  which 
he  may  use  in  the  erection,  construction  or  completion  of  the  structure,  (^vided  for  in  any  plans 
furnished  by  the  purchaser,  or  by  the  contractor,  and  to  hold  the  purchaser  harmless  on  account 
of  any  suits  or  claims  for  royalty. 

8.  Supervision. — ^The  work  of  construction  is  to  be  carried  on  in  strict  conformity  with  the 
plans,  specifications  and  drawings  prepared,  and  such  additional  instructions  as  may  be  given 
from  time  to  time  by  the  engineer.  All  materials  and  workmanship  shall  at  all  times  be  subject 
to  inspection  by  the  engineer  or  his  deputy. 

The  engineer  shall  oe  furnished  with  every  reasonable  facility  for  ascertaining  that  the  work 
is  in  accordance  with  the  requirements  and  intention  of  the  contract  and  specifications,  even  to 
the  extent  of  uncovering  or  taking  down  portions  of  finished  work.  Should  the  work  thus  exposed 
or  examined  prove  satisfactory,  the  replacing  or  making  good  of  the  parts  removed  shall  be  paid 
for  at  the  contract  price  for  the  class  ot  work  done,  but  should  the  work  removed  or  exposed  pro\'e 
unsatisfactory,  the  work  shall  be  replaced  with  satisfactory  material  at  the  expense  of  the  con- 
tractor. 

9.  Defective  Work. — ^The  inspection  of  the  work  shall  not  relieve  the  contractor  of  any  of 
his  obligations  to  fulfill  his  contract,  and  defective  work  shall  be  made  good,  and  unsuitable 
materials  may  be  rejected,  notwithstanding  that  such  work  and  materials  nave  been  previously 
overlooked  by  the  engineer  and  accepted  or  estimated  for  payment.  Any  work  found  defective 
shall  be  made  good  by  the  contractor  in  a  manner  satisfactory  to  the  engineer,  and  all  material 
determined  by  the  engineer  as  unsuitable  or  not  in  conformity  with  the  specifications  shall  forth- 
with be  removed  by  the  contractor  from  the  site. 

*To  accompany  "The  General  Specifications  for  Steel  Highway  Bridges"  in  Appendix  I, 
and  "The  General  Specifications  for  Concrete  Highway  Bridges  and  Foundations"  in  Appendix  II. 
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10.  CUims  for  Delays. — ^The  contractor  shall  not  be  entitled  to  any'dalm  for  damages  for 
any  hindrance  or  delay  from  any  cause  whatever  in  the  progress  of  the  work  or  any  portion  thereof, 
but  such  hindrance  may  entitle  him  to  an  extension  of  time  for  completing  same  sufficient  to  com- 
pensate for  the  detention,  provided  the  purchaser  shall  have  immediate  notice  from  the  contractor 
m  writing  of  the  cause  and  length  of  detention  at  the  time  of  its  occurrence.  The  acceptance  of 
any  part  of  the  work  subsequent  to  the  said  date  shall  not  be  deemed  a  waiver  of  the  purchaser 
to  abrogate  the  contract  for  delay. 

11.  Contractor's  Plant  and  Methods. — ^The  contractor  shall  provide  and  install  such  a 
construction  plant,  and  shall  use  such  methods  and  appliances  for  the  performance  of  the  work 
to  be  done  under  these  specifications  as  will  secure  a  satisfactorjr  quality  of  work,  and  a  rate  of 
progress  which  in  the  opmion  of  the  engineer  will  insure  completion  of  the  work  within  the  time 
specified.  If,  at  any  time  before  commencing  or  during  the  progress  of  the  work,  such  methods 
or  appliances  appear  to  the  engineer  to  be  unsafe,  inefficient  or  inadequate  for  securing  the  safety 
of  tne  workmen,  the  quality  of  the  work  or  the  rate  of  progress  required,  he  may  order  the  con- 
tractor to  increase  their  safety  and  efficiency,  or  to  improve  their  character,  and  the  contractor 
shall  comply  with  such  orders;  but  the  failure  of  the  engineer  to  make  such  demand  shall  not 
relieve  the  contractor  from  his  obligations  to  secure  the  safe  conduct,  the  quality  of  the  work 
and  the  rate  of  progress  required  by  these  specifications,  and  the  contractor  alone  shall  be  respon- 
sible for  the  safety,  efficiency  and  adequacy  of  his  plant,  appliances  and  methods. 

12.  Damages  for  Failure  to  Complete  on  Time. — ^The  failure  to  complete  the  work  covered 
by  these  specifications  before  ,  .  .,  will  work  serious  injury  to  the  purchaser.  On  account  of 
the  difficulty  of  determining  the  damages  arising  out  of  the  failure  to  complete  this  contract  on 

time  the  sum  of  $ per  day  for  each  working  day  is  hereby  agreed  upon,  not  as  a 

penalty,  but  as  liquidated  damages  which  the  purchaser  will  suffer  by  reason  of  such  default. 
The  purchaser  shall  have  the  right  to  deduct  the  amount  of  any  such  damages  from  any  money 
due  or  to  become  due  to  the  contractor  under  this  contract. 

13.  liens. — If  at  any  time  before  or  within  30  days  after  this  work  has  been  completed 
any  person  or  persons  claiming  to  have  performed  any  labor  or  furnished  SLtiy  materials  used  in 
the  completion  of  this  work  shall  file  with  the  purchaser  anv  such  notice  as  is  described  in  the 
lien  law,  the  purchaser  shall  retain  until  the  dischar^  thereof,  from  the  money  under  its  control, 
so  much  of  said  moneys  as  shall  be  sufficient  to  satisfy  and  discharge  the  amount  in  such  notice 
claimed  to  be  due,  together  with  the  costs  of  any  action  brought  to  enforce  such  lien  created  by 
the  filing  of  such  notice. 

14.  Contractor's  Office. — ^The  contractor  shall  maintain  an  office  at  the  site  of  the  work,  at 
which  he  or  his  authorized  agent  shall  be  present  at  all  times  while  the  work  is  in  progress.  In- 
structions from  the  engineer  left  at  this  office  shall  be  considered  as  delivered  to  the  contractor. 
Copies  of  the  contract,  the  working  drawings  and  the  specifications  for  the  work  shall  be  kept  at 
said  office,  ready  for  use  at  any  time.  The  contractor  shall  furnish  accommodations  for  the 
engineer's  inspectors  in  this  office. 

15.  Engineer's  Orders. — ^Whenever  the  contractor  is  not  present  on  any  part  of  the  work, 
directions  or  orders  may  be  given  by  the  engineer,  and  shall  be  received  and  obeyed  by  the  super- 
intendent or  foreman  who  may  have  charge  of  the  particular  part  of  the  work  in  reference  to 
which  the  orders  are  given. 

16.  Laws  and  Regulations. — ^The  contractor  shall  comply  with  all  laws  and  municipal 
ordinances  and  regulations  in  any  manner  affecting  those  engaged  or  employed  in  the  work  or  the 
materials  used  in  the  work  or  in  any  way  affecting  the  conduct  of  the  work. 

17.  Payment  of  Laborers. — ^The  contractor  shall  punctually  pay  the  workmen  who  shall  be 
employed  on  the  work  covered  by  this  contract,  in  cash  or  its  equivalent. 

18.  Assignment. — ^The  contractor  shall  give  his  personal  attention  constantly  to  the  faithful 
prosecution  of  the  work,  and  shall  be  present,  either  in  person  or  by  a  duly  authorized  representa- 
tive, on  the  site  of  the  work,  continually  during  its  progress,  to  receive  instructions  or  directions 
from  the  engineer;  he  shall  not  assign,  transfer,  convey,  sublet  or  otherwise  dispose  of  this  con- 
tract, or  his  right,  title  or  interest  in  or  to  the  same  or  any  part  thereof  without  the  previous 
consent  in  writing  of  the  purchaser  and  of  the  engineer;  and  he  shall  not  assign  by  power  of 
attorney  or  otherwise  any  of  the  money  to  become  due  and  payable  under  this  contract,  unless 
by  and  with  the  like  consent  signified  in  like  manner.  If  the  contractor  shall,  without  previous 
written  consent,  assign,  transfer,  convey,  sublet  or  otherwise  dispose  of  this  contract  or  of  his 
right,  title  or  interest  therein,  or  any  of  the  moneys  to  become  due  under  this  contract  to  any  other 
person,  company  or  other  corporation,  this  contract  may  at  the  option  of  the  purchaser  be  revoked 
and  annulled,  and  the  purchaser  shall  be  relieved  and  discharged  from  any  and  all  liability  and  all 
obligations  growing  out  of  the  same. 
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19.  Responsibility  of  Contractor. — ^The  contractor  shall  take  all  responsibility  of  the  work, 
shall  bear  all  losses  resulting  to  him  on  account  of  the  amount  or  character  of  the  work,  or  beoiuae 
the  nature  of  the  work  to  be  done  is  different  from  that  which  he  assumes  or  expects,  or  on  account 
of  the  weather,  floods  or  other  causes;  and  he  shall  assume  the  defense  of  and  indemnify  and 
save  harmless  the  purchaser  and  the  engineer,  their  officers  and  agents  from  ail  claims  arising 
from  the  performance  of  this  contract. 

20.  Liability  for  Accidents. — ^The  contractor  shall,  during  the  performance  of  the  work, 
take  all  necessary  precautions  for  the  prevention  of  accidents  and  shall  indemnify  and  save 
harmless  the  purchaser,  the  engineer,  their  officers  and  agents  from  all  damages  and  costs  to  which 
they  may  be  put  by  reason  of  mjury  to  persons  or  property. 

21.  Abandoment  of  Work. — If  the  work  to  be  done  under  this  contract  shall  be  abandoned 
by  the  contractor,  or  if  the  work  shall  be  assigned,  or  if  at  any  time  the  engineer  shall  be  of  the 
opinion  and  shall  so  certify  in  writing  to  the  purchaser  that  the  performance  of  the  contract  is 
unnecessarily  or  unreasonably  delayed,  or  that  the  contractor  is  wilfully  violating  any  of  the 
conditions  or  covenants  of  the  contract  or  of  the  specifications,  or  is  executing  the  same  in  bad 
faith  or  not  in  accordance  with  the  terms  thereof,  or  if  the  work  be  not  fully  completed  within  the 
time  mentioned  in  this  contract  for  its  completion,  the  purchaser  shall  notify  the  contractor  to 
discontinue  the  work  or  such  part  thereof,  and  the  purchaser  shall,  after  three  days,  have  the 

Cower  to  contract  for  the  completion  of  the  work,  or  to  place  such  persons  as  he  may  deem  advisable 
y  contract  or  otherwise  to  complete  the  work  herein  described  or  such  part  thereof,  to  take  pos- 
session of  and  use  any  of  the  materials,  plant,  tools,  equipment,  supplies  and  property  of  eveiy 
kind  provided  by  the  contractor  for  the  purposes  of  this  work,  and  to  procure  other  materials 
for  the  completion  of  the  same  and  charge  the  expense  of  such  labor  s^d  materials  to  the  contractor. 
The  expense  so  charged  shall  be  deducted  and  paid  by  the  purchaser  out  of  such  moneys  as  may 
be  due  or  may  at  any  time  thereafter  become  due  to  the  contractor  under  and  by  virtue  of  this 
work  or  any  part  thereof.  And  in  case  such  expense  shall  exceed  the  amount  which  would  have 
been  payable  under  the  contract  if  the  same  has  been  completed  by  the  contractor,  he  shall  pay 
the  amount  of  such  excess  to  the  purchaser,  and  in  case  such  expense  shall  be  less  than  the  amount 
which  would  have  been  pajrable  under  this  contract  if  the  same  had  been  completed  by  the  con- 
tractor, he  shall  receive  the  difference. 

22.  Payments. — If  stipulated  in  the  contract,  the  contractor  will  receive  monthly  estimates 
based  on  the  materials  furnished  at  the  site  and  work  completed  that  may  be  acceptable  to  the 
en^neer.  All  monthly  estimates  shall  be  approximate  only,  and  shall  be  subject  to  the  final 
estimate.  Unless  otherwise  stipulated  in  the  contract  payments  of  85  per  cent  of  the  monthly 
estimates  will  be  paid  on  or  before  the  tenth  day  of  the  month  following  the  one  in  which  the 
material  is  delivered  or  the  work  constructed. 

23.  Extra  Work. — Materials  or  labor  required  to  be  furnished  for  the  completion  of  the  work 
covered  bv  these  specifications  and  not  included  in  the  contract  will  be  paid  for  on  the  basis  of 
the  actual  cost  of  materials  furnished  and  labor  performed  plus  ten  per  cent  (10%)  to  cover 
superintendence  and  profit.  No  extra  work  is  to  be  done  except  on  written  order  of  the  engineer, 
whose  decision  is  to  be  final  in  the  settlement  of  any  dispute  that  may  arise  as  to  the  cost  of  such 
extra  work  furnished.  All  bills  for  extra  work  shall  be  submitted  in  detail  to  the  engineer  for  his 
approval  within  30  days  after  the  furnishing  of  such  materials  or  labor  for  which  extra  payment 
is  claimed. 

24.  Completion  of  Contract — ^The  contractor  shall  remove  all  falsework,  excavated  material 
or  useless  material,  replace  or  renew  any  fences  damaged  and  leave  the  work  in  a  condition  satis- 
factory to  the  engineer.  All  excavated  material  or  falsework  placed  in  the  stream  channel  during 
construction  shall  be  removed  by  the  contractor  before  final  acceptance  of  the  work. 

All  old  material  taken  from  the  old  bridge  or  excess  material  belonging  to  the  purchagser  shall 
be  neatly  piled  or  stored  as  directed  by  the  engineer. 

The  engineer  shall  make  final  inspection  upon  being  notified  by  the  contractor  that  the  work 
is  completed.  If  the  work  is  not  acceptable  to  the  engineer  he  shall  advise  the  contractor  as 
to  the  particular  defects  that  must  be  remedied. 
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CHAPTER  XXV. 
Estimates  and  Costs  of  Highway  Bridges  and  Culverts. 

Intxoduction. — ^The  cost  of  an  engineering  structure  may  be  separated  into  several  items  as 
follows:  (i)  cost  of  plain  materials;  (2)  cost  of  shop  fabrication;  (3)  cost  of  engineering  and 
inspection;  (4)  cost  of  transportation;  (5)  cost  of  erection.  Before  the  estimate  of  cost  can  be 
prepared  it  will  be  necessary  to  prepare  an  estimate  of  the  quantities.  The  estimates  of  steel 
bridges  and  of  concrete  bridges  and  culverts  will  be  discussed  separately. 

ESTIMATES  OF  WEIGHT  OF  STEEL  fflGHWAY  BRIDGES.— There  are  three 
methods  of  estimating  the  weight  of  a  steel  bridge,  (i)  Estimate  from  finished  shop  drawings; 
(2)  estimate  from  detail  drawings;  (3)  estimate  from  stress  sheet. 

ESTIMATE  OF  mi&HT 
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Fig.  I. 

(i)  Estimate  from  Shop  Drawings. — In  making  an  estimate  of  a  steel  highway  bridge  from 
the  shop  drawings  the  form  shown  in  Fig.  i,  will  be  found  very  convenient.  The  weights  of  the 
members  in  the  order  end-posts,  top  chords,  lower  chords,  intermediate  posts,  main  ties,  hip 
verticals,  counter  ties,  floorbeams,  joists,  hub  guard,  wall  plates,  top  lateral  struts,  sway  struts, 
top  lateral  rods,  sway  rods,  bottom  lateral  rods,  portals,  chord  pins  and  nuts,  pedestals,  bolts  and 
spikes  are  calculated.  Details  of  the  calculation  of  the  weight  of  the  end-posts  of  the  i32-ft.  span 
pin-connected  highway  bridge  shown  in  Fig.  8  to  Fig.  10  in  Chapter  XIV  are  given  in  Fig.  i. 
The  summary  of  the  total  weight  of  the  metal  in  the  bridge  calculated  from  the  shop  drawings 
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is  given  in  Table  II.  The  "main  members"  are  those  that  are  given  on  the  stress  sheet  and 
are  either  members  in  which  stresses  occur  or  which  are  specified  by  the  designing  engineer; 
while  the  "details'*  are  plates,  angles,  rivets,  etc.,  which  are  necessary  to  develop  the  strength  of 
the  main  members.  The  values  given  in  column  lo  are  the  weights  of  "details"  in  per  cent  of 
weights  of  "main  members."  The  weights  per  foot  given  in  ccdunm  7  were  obtained  from 
Ketchum's  "Structural  Engineer's  Handbook,"  or  from  Cambria  or  Carnegie.  The  weight  for 
rivet  heads  should  be  the  mean  of  the  weight  of  rivet  heads  as  made  on  the  rivet  and  as  driven 
in  work.  The  actual  shipping  weight  is  desired,  and  the  weights  of  rivet  heads,  only,  are  calcu- 
lated, it  being  assumed  that  the  remainder  of  the  rivets  fill  the  holes  punched  in  the  members. 
The  total  weights  of  the  different  parts  of  the  bridge  and  the  percentage  of  details  are  shown  in 
Table  II.  The  total  weight  of  details  in  per  cent  of  main  members,  exclusive  of  fence,  joists,  wall 
plates,  bolts  for  lumber  and  spikes,  is  35.4  per  cent.  The  total  weight  of  rivet  heads  in  per  cent 
of  total  weight  of  bridge,  exclusive  of  fence,  joists,  etc.,  is  4.5  per  cent. 


TABLE  I. 

SuifMART  OF  Weight  of  Metal. 

Ill  ft.  6  in.  X  18  ft.  o  in.,  Riveted  Highway  Bridge. 


ReC  No. 


Ibl€iiibcr. 


Weights.  Lb. 


Main. 


Details. 


Total 


Detalb  Per 

Cent  of  Main 

Memben. 


I 
2 

3 

4 

I 

7 

8 

12 

13 

14 

11 

17 


End-po8t8 

Top  chords 

Lower  Chords 

Intermediate  Posts . 

Main  Ties 

Hip  Verticals 

Counters 

Floorbeams 

Struts 

Top  Laterals 

Bottom  Laterals . . . 

Portals 

Pins  and  Nuts 

Pedestals 


5,592 
5,900 
5,232 
2,436 
3,184 
856 
1,156 
8,350 
1,486 

531 

843 

1,732 


3,892 

3,942 

4+2 

2,835 

163 

109 

2,230 

54+ 

35 

182 

620 

86 

1,949 


9,484 
9,842 

5,674 

5,277 

3,658 

1,019 

1,265 

10,580 

2,030 

566 

1,025 

2,352 

86 

1,949 


67.0 
67.0 

1 16.0 
15.0 
19.0 

9.0 
27.0 
36.0 

7/> 
21  x> 
36x> 


37,298 


17,503 


54,801 


46.9 


Total  Weight  of  Metal  in  Bridge,  exclusive  of  9, 10, 11, 18  and  19  =  54,801  lb. 


9 
10 
II 
18 
19 


Joists 

Hub  Guard 

End  Struts 

Bolts  for  Lumber . . 
Spikes  for  Lumber. 


23,852 

2,392 

469 


2,200 
267 
167 
365 
389 


26,052 

2,659 

636 

365 

389 


9.0 
1 1.0 
36.0 


26,713 


3,388 


30,101 


13.0 


Total  Metal  in  Bridge. 


64,011 


20,891 


84,902 


33.0 


The  weight  of  pins  in  highway  bridges  varies  from  2  to  3  per  cent  of  the  total  weight  of  the 
metal,  exclusive  of  joists,  fence,  etc.  The  weight  of  rivet  heads  in  pin-connected  bridges  varies 
from  2  to  4}  per  cent  of  the  total  weight  of  the  metal,  exclusive  of  joists,  fence,  etc.  The  weight 
of  rivet  heads  in  riveted  highway  bridges  varies  from  2.5  to  5  per  cent  of  the  total  weight  of  the 
metal,  exclusive  of  fence,  joists,  etc.  The  total  weight  of  the  rivet  heads  in  the  1 1 1  ft.  6  in.  riveted 
Pratt  truss  highway  bridge,  shown  in  Figs,  i  and  2,  Chapter  XIV,  was  2.8  per  cent  of  the  total 
weight  of  the  metal,  exclusive  of  the  joists,  fence,  etc. 
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The  details  in  per  cent  of  total  weight  of  main  members,  exclusive  of  joists,  fence,  etc.,  will 
vary  from  30  to  40  per  cent  for  pin-connected  and  riveted  highway  bridges  in  which  the  top  chords 
are  made  of  two  channels  and  one  plate,  of  two  angles  placed  back  to  back,  or  two  angles  and  a 
plate;  while  for  bridges  with  open  chords  composed  of  two  channels  laced,  or  two  angles  laced,  the 
details  will  vary  from  35  to  50  per  cent  of  the  weight  of  the  main  members.  The  details  of  low 
truss  riveted  highway  bridges  will  weigh  from  35  to  45  per  cent  of  the  total  weight  of  main  mem- 
bers, exclusive  of  joists,  fence,  etc. 

The  weight  of  pedestals  in  terms  of  the  total  weight  of  metal,  exclusive  of  joists,  fence,  etc., 
will  vary  from  2  to  4  per  cent.  The  summary  of  the  weight  of  the  132-ft.  span  pin-connected 
bridge  shown  in  Fig.  8  to  Fig.  10,  Chapter  XIV,  is  given  in  Table  II,  while  the  weight  of  the 
details  of  the  members  of  a  1 11  ft.  6  in.  riveted  Pratt  highway  bridge  are  given  in  Table  I. 
The  shop  drawings  of  this  bridge  are  shown  in  Figs,  i  and  2,  Chapter  XIV.  This  bridge  has 
heavy  details.  As  a  rule,  highway  bridges  do  not  have  sufficient  details  to  properly  develop  the 
strengths  of  the  members.  In  this  connection  it  should  be  remembered  that  the  per  cent  of 
details  should  be  larger  for  light  country  highway  bridges  than  for  heavy  city  or  electric  railway 
bridges  designed  under  similar  specifications. 

The  per  cent  of  the  details  for  different  individual  members  of  a  bridge  can  be  seen  by  the 
study  of  Table  I  and  Table  II.  It  will  be  seen  that  there  is  a  great  variation  in  the  details 
depending  upon  the  make-up  of  the  member  and  other  conditions.  The  estimater  should  work 
out  numerous  problems  and  in  this  manner  develop  his  estimating  sense. 


TABLE  II. 

SuMicAST  OF  Weight  of  Metal. 

132  ft.  o  in.  X  15  ft.  2  in.,  Pin-connected  Highway  Bridge. 


Ref.  No. 


Member. 


Weighu.  Lb. 


Main 
Members. 


Details. 


TotaL 


Details,  Per 

Cent  of  Main 

Memben. 


I 

2 

3 

4 

I 

7 
8 

12 
13 
14 

\i 

17 


End-posts 

Top  Chords 

Lower  Chords 

Intermediate  Posts . 

Main  Ties 

Hip  Verticals 

Counters 

Floorbeams 

Struts 

Top  Laterals 

Bottom  Laterals . . . 

Portals 

Pins  and  Nuts 

Pedestals 


4,124 
7,420 
5,048 
3,492 
3,852 

in 

4,570 

496- 
1,28s 
812 


892 
1,766 
1,940 
1,902 
1,116 

540 
92 

522 

67 

149 

252 


843 
1,562 


5,016 
9,186 
6,988 

5.394 
4,968 

••s 

5,092 

620 
563 

M34 
1,064 

843 
1,562 


21.S 
23.8 
38.5 
54.5 
29.0 

72.5 

16.3 

1 1.4 

5.0 

1 1.6 
31.0 


32,997 


",673 


44,670 


J54. 


Total  Weight  of  Metal  in  Bridge,  exclusive  of  9,  10,  11,  18  and  19  »  44,670  lb. 


9 
10 
II 
18 
19 


Joists 

Hub  Guard 

End  Struts 

Bolts  and  Washers. 
Spikes  for  Lumber. 


20,628 


213 

85 


20,628 

o 

o 

213 

85 


20,628 


298 


20,926 


1-5 


Toul  Meul  in  Bridge. 


53,625 


11,971 


65,596 


22.3 
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(2)  Estimate  from  Detail  Drawings. — Detail  drawings  show  the  main  memben  partially 
detailed.  The  drawings  give  the  number  and  approximate  sizes  of  plates,  the  sizes  of  lacing  bars, 
rivets,  etc.,  and  the  approximate  rivet  spacing.  In  making  an  estimate  from  detail  drawings  the 
main  members  are  taken  from  the  drawings,  while  part  of  the  details  are  supplied  by  the  estimater. 
In  order  that  the  estimate  be  accurate  the  esimater  must  be  familiar  with  the  shop  standards  of 
the  company  that  will  fabricate  the  structure* 

(3)  Estimate  from  the  Stress  Sheet — In  this  method  the  weights  of  the  main  members  are 
calculated  directly  from  the  stress  sheet,  while  the  weights  of  the  details  are  supplied  by  the  esti- 
mater. The  weight  of  the  details  may  be  estimated  (a)  by  adding  a  percentage  to  each  member — 
end-post,  top  chord,  etc.,  or  (b)  by  adding  a  percentage  to  the  total  weight  of  main  members, 
exclusive  of  fence,  joists,  etc.  The  second  method  is  very  satisfactory  where  a  standard  type  of 
bridge  is  used,  while  the  first  method  should  always  be  used  for  new  types  of  construction. 

Approximate  estimates  may  be  obtained  from  calculated  weights,  as  shown  in  Chapter  IX 
This  method  is  quite  accurate  when  the  tables  or  diagrams  have  been  calculated  for  the  standards 
in  use. 

Accuracy  of  Estimates. — ^The  rolls  used  in  rolling  sections  are  designed  to  give  a  section  of 
the  required  weight  when  the  rolls  are  new,  so  that  sections  are  usually  slightly  heavier  than  the 
figured  weights  due  to  the  wear  or  the  spreading  of  the  rolls.  It  b  commonly  specified  thattheactual 
weight  of  fabricated  steel  work  may  vary  not  more  than  2^  per  cent  from  the  figured  weight.  This 
means  that  where  fabricated  structural  steel  is  bought  at  a  pound  price,  the  purchaser  will  ha\'e 
to  pay  for  the  actual  weight,  providing  it  does  not  exceed  the  calculated  weight  by  more  than  2| 
per  cent.  Where  fabricated  structural  steel  work  is  more  than  2|  per  cent  lighter  than  the 
calculated  weight,  the  purchaser  may  refuse  to  accept  the  material.  This  latter  case  never  occurs 
unless  sections  lighter  than  those  shown  on  the  drawings  are  substituted.  The  estimate  made 
from  shop  drawings  should  be  used  as  a  basis  for  comparison.  The  results  obtained  from  the 
detail  drawings  or  from  stress  sheets  should  not  vary  from  shipping  weight  by  more  than  1}  to  2 
per  cent,  and  should  be  a  little  heavy  rather  than  light.  Estimates  from  stress  sheets  should  be 
made  only  by  a  skilled  estimater. 

Shop  Waste, — ^The  shipping  weight  of  fabricated  structural  steel  will  be  less  than  the  weight 
of  the  rolled  steel,  due  to  the  loss  in  rivet  slugs,  clippings,  beveled  cuts,  milling,  etc.  This  loss 
will  vary  from  3  to  5  per  cent  for  highway  bridges. 

Estimate  of  Lumber. — ^Lumber  is  estimated  in  board  feet,  a  board  foot  being  a  piece  12  in. 
square  and  i  in.  thick.  Commercial  sizes  of  lumber  are  less  than  the  stated  dimensions,  so  that 
where  full  sized  timbers  are  desired  it  is  necessary  to  specify  this  explicitly.  Specifications  for 
bridge  timbers  are  given  in  Chapter  XVI. 

Weight  of  Floor. — The  weight  of  oak  is  commonly  taken  as  4}  and  pine  3}  lb.  per  foot  B.  M. 
The  actual  weights  of  other  materials  should  be  calculated,  see  Appendix  I. 

ESTIMATE  OF  COST.— The  cost  of  a  steel  highway  bridge  may  be  divided  into  (i)  cost 
of  material,  (2)  cost  of  fabrication,  (3)  cost  of  transportation,  (4)  cost  of  erection,  (5)  cost  of 
substructure,  and  (6)  profit.  The  subject  of  costs  is  a  very  difficult  matter  to  handle,  and  the 
author  would  caution  the  reader  to  use  the  data  given  on  the  following  pages  with  great  care, 
for  the  reason  that  costs  are  always  relative  and  what  may  be  a  fair  cost  in  one  case  may  be  sadly 
in  error  in  another  case,  which  appears  to  be  an  exact  parallel.  The  price  of  labor  will  be  gix-en 
in  each  case  or  the  cost  will  be  charged  on  the  bcuis  of  40  cents  per  hour,  which  includes  labor,  cost  of 
management,  tools,  etc.  The  costs  given  below  are  the  average  costs  for  a  shop  with  a  capacity  of  1 
about  1,000  tons  per  month  that  has  made  a  specialty  of  highway  bridge  work.  The  costs  given  | 
are  based  on  a  charge  of  40  cents  per  hour  for  the  number  of  hours  actually  consumed  in  gjMng  out 
^  contract.  This  charge  is  assumed  to  cover  the  cost  of  management,  cost  of  operation  and 
maintenance,  as  well  as  the  cost  of  labor.  The  cost  of  management  in  a  small  shop  is  very  low, 
but  in  a  large  concern  it  may  amount  to  as  much  as  35  to  40  per  cent  of  all  the  other  chaiiK^ 
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combined.  For  this  reason  small  shops  can  often  fabricate  light  highway  bridge  steel  for  a  less 
cost  than  the  large  shops.  For  additional  data  on  the  costs  of  structural  steel,  see  the  author's 
"The  Design  of  Steel  Mill  Buildings,"  "The  Design  of  Walls,  Bins  and  Grain  Elevators,"  "The 
Design  of  Mine  Structures"  and  "The  Structural  Engineers'  Handbook." 

The  costs  given  for  labor  are  based  on  scales  of  labor  in  19 13  and  represent  prewar  condi- 
tions. Before  applying  these  labor  costs  to  present  structures,  the  engineer  should  make  the 
proper  adjustment  for  the  increase  in  wages  and  also  for  the  present  decrease  in  efficiency  of 
workmen. 

I.  Cost  of  MateriaL — ^The  price  of  structural  steel  is  quoted  in  cents  per  pound  delivered 
f.  o.  b.  cars  at  the  point  at  which  the  quotation  is  made.  Current  prices  may  be  obtained  from 
the  Engineering  News- Record,  Iron  Age  or  other  technical  papers.  The  present  prices  (November* 
1919)  f.  o.  b.  Pittsburgh,  Pa.,  are  about  as  follows: 

TABLE  in. 
PfiiCES  OF  Structural  Steel  (1919)  f.  o.  b.  Pittsburgh,  Pa.,  in  Cents  per  Pound. 

Price  in  Cts. 
Material  per  Lb. 

I-beams,  18  in.  and  over 2.55 

I-beams  and  channels,  3  in.  to  15  in 2.45 

H-beams,  over  8  in 2.60 

Angles,  3  in.  to  6  in.  inclusive 2.45 

Angles,  over  6  in 2.50 

Zees,  3  in.  and  over 2.45 

Angles,  channels,  and  zees,  under  3  in 2.40 

Deck  beams  and  bulb  angles 2.75 

Checkered  and  corrugated  plates 2.75  to  2.90^ 

Plates,  structural,  base 2.66» 

Plates,  flange,  base 2.76 

Corrugated  steel  No,  22,  painted 4.50 

Corrugated  steel  No.  22,  galvanized 5.50 

Steel  sheets  Nos.  10  and  1 1,  black 3.55 

Steel  sheets  Nos.  10  and  11,  galvanized 4.70 

Steel  sheets  No.  22,  black 4.20 

Steel  sheets  No.  22,  galvanized 5.30 

Bar  iron,  base 2.45 

Rivets 4.20 

Round  and  Square  Bars. — In  estimating  round  and  square  bars  use  the  standard  card  for 
extras.  Table  IV.  It  is  not  usual  to  enforce  more  than  one-half  the  standard  card  extras  for  round 
and  square  bars. 

Extras. — Shapes,  Plates  and  Bars: 

(Cutting  to  length) 

.  Under  3  ft.  to  2  ft.,  inclusive 0.25  ct.  per  lb. 

Under  2  ft.  to  i  ft.,  inclusive 0.50  ct.  per  lb. 

Under  i  f t 1.55  ct.  per  lb. 


Extras — Plates  (Card  of  January  7,  1902) : 

Base  }  in.  thick,  100  in.  wide  and  under,  rectangular  (see  sketches). 
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Per  100  Lb. 

^dths — loo  in.  to  i  lo  in $  .05 

no  in:  to  115  in 10 

115  in.  to  120  in 15 

120  in.  to  125  in 25 

125  in.  to  130  in 50 

Over  130  in i.oo 

Gages  under  }  in.  to  and  including  'A  in 10 

Gages  under  ^  in.  to  and  including  No.  8 15 

Gages  under  No.  8  to  and  including  No.  9 25 

Gages  under  No.  9  to  and  including  No.  10 30 

Gages  under  No.  10  to  and  including  No.  12 40 

Complete  circles 20 

Boiler  and  flange  steel 10 

Marine  and  fire  box 20 

Ordinary  sketches 10 

(Except  straight  taper  plates,  varying  not  more  than  4  In.  in  width  at  ends,  nar{x>west  end 
not  less  than  30  in.,  which  can  be  supplied  at  base  prices.) 

TABLE  IV. 

Standard  Classification  of  Extras  on  Iron  and  Steel  Bars.* 

Rounds  and  Squares, 

Squares  up  to  4}  inches  only.    Intermediate  sizes  take  the  next  higher  extra. 

Ptf  looLb. 

Rates. 

lo.io  extra. 

20  " 

40  " 

50  " 

70  " 

1.00  " 

2.00  " 

2.50  " 

15  " 

25  extra. 

30  " 

40  " 

50  " 

75  " 

1.00  " 

1.25  " 

I       to  6     in.  X  f  to  I  in Rates. 

I      to  6       "   X  iand  A  " Jo.20crtra. 

Uto  A"Xfto!  " 40     " 

iito  «"XiandA  " 50    " 

*  This  classification  has  been  quite  generally  adopted,  although  several  firms  issue  a  special 
card  of  extras.  Carnegie  Steel  Company's  (19 19)  extras  are  about  one-half  of  the  values  in 
Table  IV. 


\    to 

3 

in. 

1    to 

ft 

II 

*    to 

ft 

II 

ft 

11 

1 

II 

A 

II 

i  and 

ft 

<i 

A 

11 

-h 

II 

3ft  to 

3« 

II 

3ft  to 

4ft  to 

4 
4« 

in. 

11 

4ft  to 

5 

II 

5t    to 

5i 

II 

5f    to 

6 

II 

6\    to 

6J 

II 

6f    to 

7l 

II 

FUU  Bars  and  Heavy  Bands. 


Digitized  by 


Google 


CX>ST  OF  MILL  DETAILS.  439 

TABLE  IV—CofUinued. 

Standard  Classification  of  Extras  on  Iron  and  Stbbl  Bars. 

Flat  Bars  and  Heavy  Bands, 

Aand   i    in.  X  f  to    J    in 50  extra. 

Aand   f     "   X  iand   A  " 70  " 

i  "   Xfand   A  " 90  " 

i  "   Xiand   A  " i.io  " 

A  "XI  " 1.00  " 

A  "   X  iand   A  " 1.20  " 

i  "   Xiand    A  " 1.50  " 

1 1    to  6  in.  X  I A  to  I A  in 10  " 

li    to6  "    Xii    toij     " 20  " 

If    to  6  "    X  i|    to  2f     " 30  " 

3i    to  6  "    X  3      to  4       " 40  " 

Mill  Orders. — In  mill  orders  the  following  items  should  be  borne  in  mind.  Where  beams  butt 
at  each  end  against  some  other  member,  order  the  beams  }  in.  shorter  than  the  figured  lengths, 
this  will  allow  a  clearance  of  I  in.  if  all  beams  come  }  in.  too  long.  Where  beams  are  to  be  built 
into  the  wall,  order  them  in  full  lengths,  making  no  allowance  for  clearance.  Order  small  plates 
in  multiple  lengths.  Irregular  plates  on  which  there  will  be  considerable  waste  should  be  ordered 
cut  to  templet.  Mills  will  not  make  reentrant  cuts  in  plates.  Allow  }  in.  for  each  milling  for 
members  that  have  to  be  faced.  Order  web  plates  for  girders  i  to  i  in.  narrower  than  the  distance 
back  to  back  of  angles.  Order  as  nearly  as  possible  every  thing  cut  to  required  length,  except 
where  there  is  liable  to  be  changes  made,  in  which  case  order  long  lengths. 

It  is  often  possible  to  reduce  the  cost  of  mill  details  by  having  the  milb  do  only  part  of  the 
work,  the  rest  being  done  in  the  field,  or  by  sending  out  from  the  shop  to  be  riveted  on  in  the  field 
connection  angles  and  other  small  details  that  would  cause  the  work  to  take  a  very  much  higher 
price.  Standard  connections  should  be  used  wherever  possible,  and  special  work  should  be 
avoided. — For  additional  notes  on  ordering  material,  see  Chapter  XV. 

(b)  COST  OF  MILL  DETAILS.— If  material  is  ordered  directly  from  the  rollii^  mill  the 
price  for  the  necessary  cutting  to  exact  length,  punching,  etc.,  is  based  on  a  standard  "card  of 
mill  extras." 

CARD  OF  MILL  EXTRAS.— If  the  estimate  is  to  be  based  on  card  rates  it  will  be  necessary 
to  have  the  subdivisions  a,  b,  c,  d,  e,  f,  r,  etc.,  as  follows: 

a  —  OAScis.  per  lb.  This  covers  plain  punching  one  size  of  hole  in  web  only.  Plain  punch- 
ing one  size  of  hole  in  one  or  both  flanges. 

b  »  o.2Scts,  per  lb.  This  covers  plain  punching  one  size  of  hole  either  in  web  and  one  flange 
or  web  and  both  flanges.     (The  holes  in  the  web  and  flanges  must  be  of  same  size.) 

c  B  o.^octs,  per  fb.  This  covers  punching  of  two  sizes  of  holes  in  web  only.  Punching  of 
two  sizes  of  holes  either  in  one  or  both  flanges.  One  size  of  hole  in  one  flange  and  another  size 
of  hole  in  the  other  flange. 

d  =  o.35c<5.  per  lb.  This  covers  coping,  ordinary  beveling,  riveting  or  bolting  of  connection 
angles  and  assembling  into  girders,  when  the  beams  forming  such  girders  are  held  together  by 
separators  only. 

e  «  o.4octs.  per  lb.  This  covers  punching  of  one  size  of  hole  in  the  web  and  another  size  of 
hole  in  the  flanges. 

/  a  o.i$cts.  per  lb.    This  covers  cutting  to  length  with  less  variation  than  ±  |  in. 

f  a  o.^octs.  per  lb.  This  covers  beams  with  cover  plates,  shelf  angles,  and  ordinary  riveted 
beam  work.  If  this  work  consists  of  bending  or  any  unusual  work,  the  beams  should  not  be 
included  in  beam  classification. 

Fittings. — ^AU  fittings,  whether  loose  or  attached,  such  as  anele  connections,  bolts,  separators, 
tie  rods,  etc.,  whenever  they  are  estimated  in  connection  with  beams  or  channels  to  be  charged 
at  i.55cts.  per  lb.  over  and  above  the  base  price.  The  extra  charee  for  painting  is  to  be  added 
to  the  price  for  fittings  also.  The  base  price  at  which  fittings  are  figured  is  not  the  base  price  of 
the  beams  to  which  they  are  attached  but  is  in  all  cases  the  base  price  of  beams  15  in.  and  under. 
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The  above  rates  will  not  include  painting,  or  oiling,  which  should  be  chareed  at  the  rate  of 
o.iocts.  per  lb.  for  one  coat,  over  and  above  the  base  price  plus  the  extra  specified  above. 

For  plain  punched  beams  where  more  than  two  sizes  of  holes  are  used,  o.i5cts.  per  lb.  should 
be  added  for  each  additional  size  of  hole,  for  example,  plain  punched  beams,  where  three  sizes  of 
holes  occur  would  be  indicated  as:  c  +  o.i5cts.,  four  sizes  of  holes;  e  +  o.iocts.  For  example: 
a  beam  with  f  in.  and  f  in.  holes  in  the  flanges  and  (  in.  and  i  in.  holes  m  the  web  should  be 
included  in  class  e. 

Cutting  to  length  can  be  combined  with  any  of  the  other  rates,  class  d  excepted,  and  would 
have  to  be  mdicat^;  for  example:  Plain  punching  one  size  of  hole  in  either  web  and  one  flange, 
or  web  and  tx)th  flanges,  and  cutting  to  length  would  be  marked  hf,  which  would  establish  a  total 
charge  of  o.40cts.  per  lb. 

Note  to  doss  d, — No  extra  charge  can  be  added  to  this  class  for  punching  various  sizes  of 
holes,  or  cutting  to  exact  lengths;  in  other  words;  if  a  beam  is  coped  or  has  connection  angles 
riveted  or  bolted  to  it,  it  mal^  no  difference  how  many  sizes  of  holes  are  punched  in  this  beam, 
the  extra  will  always  be  the  same,  namely  o.35ct8.  When  beams  have  angles  or  plates  riveted  to 
them,  and  same  are  not  half  length  of  the  beam,  figure  the  beams  as  class  d,  and  the  plates  and 
angles  as  beam  connections. 

Note  to  class  r. — ^This  rate  of  o.50cts.  per  lb.  applies  to  all  the  material  making  up  the  riveted 
beam.  In  case  of  assembled  girders  in  which  one  of  the  beams  should  be  classed  as  a  riveted 
beam,  in  making  up  the  estimate,  figure  only  the  beam  affected  as  included  in  class  **r"  When 
beams  have  an^es  or  plates  rivetea  to  them  and  same  are  half  length  or  more  than  half  length 
of  the  beam,  figure  the  beams  as  class  "r,"  including  the  plates  or  angles  and  rivets.  When 
i8  in.,  20  in.,  or  24  in.  beams  are  in  "r "  class  keep  the  Fs  separate  from  the  material  (plates,  cast 
iron,  separators,  angles  and  rivets)  which  should  go  under  heading,  "15  in.  I's  and  Under." 

Beams  should  be  divided  as  15^  in.'  I's  and  under,  and  18  in.,  20  in.  and  24  in.  I's.  If  there 
are  only  one  or  two  sizes  of  beams  in  any  particular  class,  give  exact  sizes,  instead  of  "  15  in.  I's 
and  Under." 

In  estimating  channel  roof  purlins  classify  7  in.  channels  and  smaller  as  one  punched;  8  in. 
channels  and  larger  as  two  puncned,  unless  they  are  shown  or  noted  otherwise,  ana  keep  separate 
from  other  beams. 

No  extra  charge  can  be  added  to  curved  beams  for  riveting,  cutting  to  length,  etc. 

Subdividing  work  into  a  large  number  of  classes  should  be  avoided;  it  is  better  to  have  too 
few  classes,  rather  than  too  many. 

The  only  subdivision  necessary  for  cast  iron  columns  are:  i  in.  and  over,  and  under  i  in. 
Columns  with  ornamental  work  cast  on  must  be  kept  separate. 

In  estimating  the  cost  of  plain  material  in  a  finished  structure  the  shipping  weight  from  the 
structural  shop  is  wanted.  The  cost  of  material  f.  o.  b.  the  shop  must  therefore  include  the  cost 
of  waste,  paint  material,  and  the  freight  from  the  mill  to  the  shop.  The  waste  is  variable  but 
as  an  average  may  be  taken  at  4  per  cent.  Paint  material  may  be  taken  as  two  dollars  per  ton. 
The  cost  of  plain  material  at  the  shop  would  be 

Average  cost  per  lb.  f.  o.  b.  mill,  say 2.75  cts 

Add  4  per  cent  for  waste 11    " 

Add  $2.00  per  ton  for  paint  material 10   " 

Add  freight  from  mill  to  shop  (Pittsburgh  to  St.  Louis) 24   " 

Total  cost  per  pound  f.  o.  b.  shop 3.20  cts 

To  obtain  the  average  cost  of  steel  per  pound  multiply  the  pound  price  of  each  kind  of  material 
by  the  percentage  that  this  kind  of  material  is  of  the  whole  weight,  the  sum  of  the  products  will 
be  the  average  pound  price. 

(c)  COST  OF  SHOP  LABOR.*— The  cost  of  shop  labor  may  be  calculated  for  the  different 
parts  of  the  structure,  or  may  be  calculated  for  the  structure  as  a  whole.  The  following  costs 
are  based  on  an  average  charge  of  40  cents  per  hour  and  include  detailing  and  shop  labor.  The  cost 
of  fabricating  beams,  channels  and  angles  which  are  simply  punched  or  have  connection  angles 
loose  or  attached  should  be  estimated  on  the  basis  of  mill  details,  which  see. 

For  cost  of  making  shop  details,  see  the  author's  "  Structural  Engineers'  Handbook." 

*  With  the  present  (1919)  condition  of  the  labor  market  the  author  thought  it  wiae  to  reprint 
the  costs  of  shop  labor  given  in  the  author's  "Structural  Engineer's  Handbook."  These  costs 
were  based  on  conditions  in  19 13,  and  represented  prewar  conditions. 
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SHOP  COSTS  OF  INDIYIDUAL  PARTS  OF  BRIDGES.— The  cost  of  fabricating  joists 
and  other  similar  members  should  be  estimated  on  the  basis  of  mill  details,  which  see.  (Based 
on  prewar  conditions  in  191 3  and  a  cost  40  cts.  per  hour  which  includes  detailing  and  shop 
labor). 

Eye-Bars. — ^The  shop  cost  of  eye-bars  varies  with  the  size  and  length  of  the  bars  and  the 
number  made  alike.  The  following  costs  are  a  fair  average:  Average  shop  costs  of  bars  3  in.  and 
less  in  width  and  i  in.  and  less  in  thickness  is  from  1.20  to  1.80  cts.  per  lb.,  depending  upon  the 
length  and  size.  A  good  order  of  bars  running  2}  in.  X  i  in.  to  3  in.  X  i  in.,  and  from  16  to  20 
ft.  long,  with  few  variations  in  size,  will  cost  about  1.20  cts.  per  lb.  Large  bars  in  long  lengths 
ordered  in  large  quantities  can  be  fabricated  at  from  0.55  to  0.75  cts.  per  lb.  To  get  the  total  cost 
of  eye-bars  the  cost  of  bar  steel  must  be  added  to  the  shop  cost.  Half  card  extras  given  in  Table 
IV  should  ordinarily  be  added  to  the  base  price  of  plain  steel  bars. 

Chords,  Posts  and  Towers. — In  lots  of  at  least  four,  the  shop  cost  is  about  as  follows:  Members 
made  of  two  channels  and  a  top  cover  plate  with  lacing  on  the  bottom  side,  or  two  channels  laced 
on  both  sides  cost  about  i.oo  to  0.85  cts.  per  lb.  for  pin-connected  members  weighing  from  600 
to  1,500  lb.;  and  about  0.80  to  0.70  cts.  per  lb.  for  members  with  riveted  end  connections.  Mem- 
bers made  of  four  angles  laced  cost  from  0.80  to  i.io  cts.  per  lb.  for  members  with  riveted  ends. 
Members  made  of  two  angles  battened  will  cost  about  0.50  cts.  per  lb.  Angles  used  without  end 
connections  should  have  their  cost  estimated  on  the  basis  of  mill  details,  which  see. 

Pins. — ^The  cost  of  chord  pins  will  vary  with  the  size,  number  and  other  requirements.  The 
shop  cost  of  chord  pins  and  nuts  may  be  estimated  at  from  2.00  to  3.00  cts.  per  lb.  Rollers  will 
cost  practically  the  same  as  pins.  Rolled  rounds  (pin  rounds)  are  used  for  making  pins  and 
rollers. 

Latticed  Fence. — ^The  shop  cost  of  light  simple  latticed  fence  made  of  two  2  in.  X  2  in. 
angles,  with  double  lacing  and  about  18  in.  deep,  will  be  about  2.00  cts.  per  lb.;  while  the  shop 
cost  of  latticed  fence,  with  ornamental  rosettes  or  ornamental  plates,  may  be  as  much  as  4.00  to 
5.00  cts.  per  lb. 

Floorbeams  and  Stringers. — Plate  girders  used  for  floorbeams  and  stringers  will  cost  from 
0.60  to  1.25  cts.  per  lb.  depending  upon  the  weight,  details  and  number  made  at  one  time.  Floor- 
beams  made  of  rolled  I-beams  will  cost  from  0.50  to  0.75  cts.  per  lb. 

SHOP  COSTS  OF  BRIDGES  AS  A  WHOLE.— The  cost  will  be  taken  up  under  the  head 
of  pin-connected  bridges,  riveted  bridges,  plate  girder  bridges,  combination  bridge  metal,  and 
Howe  truss  metal.  These  shop  costs  represent  prewar  conditions  in  19 13,  and  were  based 
on  an  average  charge  of  40  cents  per  hour  and  include  detailing  and  shop  labor. 

Shop  Costs  of  Pin-connected  Bridges. — ^The  shop  costs  of  pin-connected  highway  or  railway 
bridges,  exclusive  of  fence  and  joists,  are  about  as  follows: 

Bridges  weighing     5,000  lb.  and  less 1.30  cts.  per  lb. 

"             "            5,000  to    10,000  lb 1.20  "  "  " 

"             "          10,000  to    20,000  lb 1.00  "  "  " 

"             "          20,000  to    40,000  lb 0.90  "  "  " 

40,000  to    60,000  lb 0.80  "  "  " 

"            "          60,000  to  100,000  lb 0.75  "  "  " 

'*             "         100,000  to  150,000  lb 0.70  "  "  " 

150,000  and  up 0.65  "  "  " 

These  costs  include  detailing  and  one  coat  of  shop  paint.     For  reaming  add  0.15  cts.  per  lb. 
Shop  Costs  of  Riveted  Truss  Bridges. — ^The  shop  costs  of  riveted  truss  highway  or  railway 
bridges,  exclusive  of  fence  and  joists,  are  about  as  follows: 


Digitized  by 


Google 


442  ESTIMATES  AND  COSTS  OF  HIGHWAY  BRIDGES.        Chap.  XXV. 

Bridges  weighing     5,000  lb.  and  less 1.15  cts.  per  lb. 

"  5,000  to    10,000  lb i.oo   "  "  " 

"  "  10,000  to    20,000  lb 0.90   "  "  " 

"  "  20,000  to    40,000  lb 0.85    "  "  " 

40,000  to    60,000  lb 0.75   "  "  " 

"  "  60,000  to  100,000  lb. 0.70"  "  " 

"  "        100,000  to  150,000  lb 0.65    "  "  " 

150,000  lb.  and  up 0.60    "  "  " 

These  costs  include  detailing  and  one  coat  of  shop  paint.    For  reaming  add  0.15  cts.  per  lb. 

Shop  Costs  of  Plate  Girder  Bridges.— The  shop  costs  of  plate  girder  highway  or  railway 
bridges,  exclusive  of  fence  and  joists,  are  about  as  follows: 

Spans  weighing    10,000  lb.  and  less 0.90  cts.  per  lb. 

"  "  10,000  to    20,000  lb 0.85    " 

"  "  20,000  to    40,000  lb 0.75    " 

"  "  40,000  to    60,000  lb 0.70   " 

"  "  60,000  to  100,000  lb 0.60   " 

"  "         100,000  and  up 0.50    " 

These  costs  include  detailing  and  one  coat  of  shop  paint.    For  reaming  add  0.15  cts.  per  lb. 

Shop  Costs  of  Tabular  Piers  and  Culverts.— The  shop  costs  of  steel  tubular  pier  shells  and 
steel  culvert  pipe  are  about  as  follows: 

Tubes  18  in.  to  24  in.  diameter,  I  in.  metal i.oo  cts.  per  lb. 

"      24  in.  to  30  in.  diameter,  }  in.  to  I  in.  metal 0.75  to  0.65    "     "     " 

"      30  in.  to  48  in.  diameter,  }  in.  to  I  in.  metal 0.70  to  0.60    "     "     " 

"      48  in.  to  72  in.  diameter,  }  in.  to  }  in.  metal 0.65  to  0.50    **     "     " 

"      72  in.  and  up  |  in.  to  f  in.  metal 0.50  to  0.45    "     "     " 

The  above  shop  costs  include  detailing  and  one  coat  of  shop  paint.  The  necessary  bradng 
and  rods  for  tubular  piers  are  included. 

Shop  Cost  of  Combination  Bridge  Metal. — ^Where  the  bars  and  rods  are  standard  and  the 
castings  are  made  from  standard  patterns,  the  metal  for  combination  bridges  can  be  fabricated 
at  about  the  same  cost  per  pound  as  for  pin-connected  spans  weighing  the  same  as  the  weight  of 
the  metal  in  the  combination  bridges. 

Shop  Cost  of  Howe  Truss  Bridge  Metal.— The  shop  cost  of  highway  bridge  castings  made 
from  standard  patterns,  is  from  1.50  to  2.00  cts.  per  lb.  The  shop  costs  of  the  plates,  rods  and 
other  miscellaneous  iron  work  will  be  from  2.00  to  2.50  cts.  per  lb. 

COST  OF  ERECTION  OF  STEEL  BRIDGES.*— The  cost  of  erection  ordinarily  includes: 
(i)  the  cost  of  hauling  the  bridge  to  the  bridge  site;  (2)  the  building  of  the  falsework  and  the 
placing  of  the  steel  in  position;  (3)  the  riveting  up  of  the  bridge,  and  (4)  painting  the  steel  and 
the  woodwork. 

Hauling. — ^Transportation  over  country  roads  will  ordinarily  cost  about  25  cts.  per  ton- 
mile,  in  addition  to  the  cost  of  loading  and  unloading.  In  estimating  the  cost  of  hauling  on  any 
particular  job  the  length  of  haul,  kind  of  roads,  price  of  teams  and  labor,  and  the  character  of 
the  teams  should  be  considered.  The  cost  of  loading  on  the  wagons  and  unloading  will  depend 
upon  the  local  conditions,  but  will  ordinarily  be  from  25  to  50  cts.  per  ton.  For  railroad  bridges 
the  steel  work  may  ordinarily  be  brought  directly  to  the  site  by  rail. 

*  Based  on  prewar  conditions  in  1913. 
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Falsework. — If  piles  are  to  be  used  the  cost  snould  be  carefully  estimated.  The  cost  of  the 
lules  in  place  will  vary  with  the  cost  of  piles  and  local  conditions.  Under  ordinary  conditions 
piles  in  falsework  will  cost  from  25  to  50  cts.  per  lineal  foot  in  place.  The  cost  of  the  timber  will 
depend  upon  local  conditions  and  upon  what  use  is  made  of  it  after  erection.  The  flooring  plank 
in  highway  bridges,  and  ties  and  guard  timbers  in  railway  bridges  can  often  be  used  in  the  false- 
work without  serious  injury.  The  cost  of  erecting  the  timber  in  the  falsework  will  ordinarily  be 
from  $6.00  to  $8.00  per  thousand  ft.  B.  M. 

Erection  of  Tubular  Piers. — ^The  cost  of  setting  tubular  piers  for  highway  bridges  will  depend 
upon  the  conditions.  Tubes  36  in.  in  diameter  and  20  ft.  long  have  been  set  in  favorable  locations 
for  $25.00  per  pair,  not  including  the  driving  of  the  piles  or  the  placing  of  the  concrete.  It  is, 
however,  not  safe  to  estimate  the  cost  of  setting  tubes  from  36  to  48  in.  in  diameter  under  even 
favorable  conditions  at  less  than  $2.00  per  lineal  foot  of  tube.  When  the  cost  of  setting  tubes  is 
estimated  by  weight,  it  should  be  figured  at  from  $15.00  to  $20.00  per  ton,  for  ordinary  conditions. 
It  will  commonly  cost  from  25  to  50  cts.  per  lineal  ft.  to  drive  piles  in  tubes,  in  addition  to  the  cost 
of  the  piles,  which  will  vary  from  10  to  20  cts.  per  lineal  foot.  The  concrete  will  commonly  cost 
from  $6.00  to  $8.00  per  cu.  yd.  in  place  in  the  tube. 

Fladng  and  Bolting. — ^The  cost  of  placing  and  bolting  up  riveted  highway  spans,  and  erecting 
pin-connected  highway  spans,  no  rivets  being  driven,  is  about  as  follows: 

Highway  spans  from    30  to   60  ft ?i2.oo  to  $15.00  per  ton. 

"      60  to  100  ft 10.00  to    12.00   "     " 

**  "        "     100  to  150  ft 9.00  to    10.00   "     " 

"     150  ft.  and  up 8.00  "     " 

The  cost  of  placing  and  bolting  up  railroad  spans  will  depend  so  much  upon  the  local  con- 
ditions and  equipment  that  it  is  difficult  to  give  general  costs. 

The  cost  of  driving  field  rivets  in  pin-connected  spans  will  vary  from  7  to  12  cts.  per  rivet, 
while  the  cost  of  driving  field  rivets  in  riveted  trusses  will  vary  from  6  to  10  cts.  per  rivet.  The 
number  of  rivets  in  riveted  low  truss  highway  bridges  depends  upon  the  number  of  panels  and 
the  style  of  details,  and  will  be  about  155  to  200  for  a  three-panel  bridge,  and  400  to  500  for  a 
six-panel  bridge.  The  number  or  rivets  in  through  riveted  highway  bridges  will  be  about  250  to 
300  for  a  four-panel  bridge,  and  1,300  to  1,500  for  a  nine-panel  bridge.  Pin-connected  bridges 
ordinarily  have  about  i  to  }  as  many  field  rivets  as  a  riveted  bridge  of  similar  dimensions. 

Transportation. — Fabricated  structural  steel  commonly  takes  a  "fifth-class  rate"  when 
shipped  in  car  load  lots,  and  a  "fourth-class  rate"  when  shipped  "local"  (in  less  than  car  load 
lots).  The  minimum  car  load  depends  upon  the  railroad  and  varies  from  20,000  to  30,000  lb. 
Tariff  sheets  giving  railroad  rates  may  be  obtained  from  any  railroad  company.  The  shipping 
clerk  should  be  provided  with  the  clearances  of  all  tunnels  and  bridges  on  different  lines  so  that 
the  car  may  be  properly  loaded. 

FMgfat  Rates. — ^The  freight  rates  (191 9)  on  finished  steel  products  in  car  load  shipments  from 
the  Pittsburgh  District,  including  plates,  structural  shapes,  merchant  steel  and  iron  bars,  pipe 
fittings,  plain  and  galvanized  wire,  nails,  rivets,  spikes  and  bolts  (in  kegs),  black  sheets  (except 
planished),  chain,  etc.,  are  as  follows,  in  cts.  per  100  lb.  in  carload  shipments;  Albany,  30;  Buffalo, 
17;  Chicago,  27;  Cincinnati,  23;  Cleveland,  17;  Denver,  99;  Kansas  City,  59;  New  Orieans, 
38J;  New  York,  27;  Pacific  Coast  (all  rail),  125;  Phikdelphia,  24};  St.  Louis,  24;  St.  Paul,  49!; 
Detroit,  33;  Baltimore,  33.     (Add  3  per  cent  transporUtion  tax). 

COST  OF  PAINTING. — ^The  amount  of  materials  required  to  make  a  gallon  of  paint 
and  the  surface  of  steel  work  covered  by  one  gallon  are  given  in  Table  V.  Structural  steel  should 
be  painted  with  one  coat  of  linseed  oil,  linseed  oil  with  lamp-black  filler,  or  red  lead  paint  at 
the  shop;   and  two  coats  of  first-class  paint  after  erection.    The  two  field  coats  should  be  of 
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different  colors;  care  being  used  to  see  that  first  coat  is  thoroughly  dry  before  applying  the  second 
coat.  Steel  bridges  and  exposed  steel  frame  buildings  ordinarily  require  repainting  every  three 
or  four  years. 

The  steel  work  in  the  extension  to  the  i6th  St.  Viaduct,  Denver,  Colo.,  was  painted  with  red 
lead  paint  mixed  in  the  following  proportions, — loo  lb.  red  lead,  2  lb.  lamp-black  and  4.125  gallons 
of  linseed  oil.  This  mixture  made  6  gallons  of  mixed  paint  of  a  chocolate  color,  and  gave  1.455 
gallons  of  paint  for  each  gallon  of  oil. 

TABLE  V. 

Average  Surface  Covered  per  Gallon  of  Paint. 

Pencoyd  Hand  Book. 


Paint. 


Volume  of  OiL 


Pounds  of 
Pigment. 


Volume  and 

Weight  of 

Paint. 


Gal.        Lb. 


Square  Feet. 


I  Coat,  a  Coats. 


Iron  oxide  (powdered) 

Iron  oxide  (ground  in  oil) . 
Red  lead  (powdered) . . . . . 
White  lead  (ground  in  oil) 
Graphite  (ground  in  oil) . . 

Black  asphalt 

Linseed  oil  (no  pigment) . . 


I  gal. 

I  gal. 

I  gal. 

I  gal. 

I  gal. 

I  gal.  (turp.) 

I  gal. 


8.00 

2475 
22.40 
25.00 
12.50 
17.50 


1.2  =  16.00 

2.6  =  32.75 
1.4  =  30.40 

1.7  =  33.00 
2.0  «  20.50 
4.0  =  30.00 


600 
630 
630 

030 

87s 


350 

375 
375 
300 

350 
310 


Light  structural  work  will  average  about  250  sq.  ft.,  and  heavy  structural  work  about  150 
sq.  ft.  of  surface  per  net  ton  of  metal,  while  No.  20  corrugated  steel  has  2,400  sq.  ft.  of  surface. 

It  is  the  common  practice  to  estimate  i  gallon  of  paint  for  the  first  coat  and  |  gallon  for  the 
second  coat  per  ton  of  structural  steel,  for  average  conditions. 

A  good  painter  should  paint  1,200  to  1,500  sq.  ft.  of  plate  surface  or  corrugated  steel  or  300 
to  500  sq.  ft.  of  structural  steel  work  in  a  day  of  8  hours;  the  amount  covered  depending  upon  the 
amount  of  staging  and  the  paint.  A  thick  red  lead  paint  muced  with  30  lb.  of  lead  to  the  gallon 
of  oil  will  take  fully  twice  as  long  to  apply  as  a  graphite  paint  or  linseed  oil.  The  cost  of  applying 
paint  is  roughly  equal  to  the  cost  of  a  good  quality  of  paint,  the  cost  per  ton  depending  on  the 
spreading  qualities  of  the  paint.  This  rule  makes  the  cost  of  applying  a  red  lead  paint  with 
30  lb.  of  pigment  per  gallon  of  oil  from  two  to  three  times  the  cost  of  applying  a  good  graphite 
paint,  per  ton  of  structural  steel.    For  additional  data  on  paints,  see  Chapter  XV. 

Cost  of  Painting  Steel  Highway  Bridges.*— The  cost  of  painting  two  steel  highway  bridges 
in  Iowa  in  1918  by  day  labor  was  as  follows.  Bridges  were  1 10  ft.  span  with  timber  joists.  Latx>r, 
one  man  at  40ct.  and  one  man  at  35ct.  per  hour,  $157.50.  Twenty-five  gallons  blue  painty 
$5375*  '^^^  gallons  white  paint,  $22.50.  One  and  one-fourth  gallons  linseed  oil,  $2.25.  Brushes, 
$8.18.    Total  cost  $244.18.     Cost  per  lineal  foot  of  bridge,  $1.11  for  one  coat. 

Eight  old  highway  bridges  were  painted  by  contract.  The  bridges  were  painted  two  coats. 
The  county  furnished  the  paint,  paint  brushes,  and  the  contractor  furnished  all  the  work  including 
the  cleaning  of  the  metal  with  wire  brushes.  The  cost  of  painting  four  bridges  having  spans  of 
190  ft.,  170  ft.,  160  ft.  and  140  ft.,  all  on  steel  tubular  piers  was  85  ct.  per  lineal  foot  of  bridge 
for  labor.  Wood  guard  rails  and  steel  tubular  piers  were  included  in  cost  per  lineal  foot  of  span. 
Bridges  on  abutments  cost  for  labor  to  paint  two  coats  from  55  to  70  ct.  per  lineal  foot. 

Cost  of  Repainting  Old  Steel  EQghway  Bridges.— The  Iowa  Highway  Commission  published 
the  following  data  in  its  Service  Bulletin  in  19 18. 

One  gallon  good  quality  paint  will  cover  1,100  sq.  ft.  of  steel  surface  or  about  5  tons  fabricated 
metal;  i  gal.  of  sublimed  white  or  blue  lead  paint  will  cover  700  sq.  ft.  of  steel  surface,  or  3.5  tons 
of  fabricated  metal.  The  cost  of  sand  blasting  to  remove  old  [Miint  is  about  $1.50  per  ton  of 
metal  which  includes  a  rental  charge  on  equipment.  Sand  blasting  equipment  costs  from  $500 
to  $700. 

♦  Engineering  and  Contractor,  Nov.  13,  19 18. 
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Cold  Bitominotts  Ifiztore  on  Timber  Highway  Bridge  Floor.* — ^The  Shippingsport  bridge 
near  La  Salle,  Illinois  was  covered  with  a  bituminous  mixture  in  1916.  The  bituminous  coat  was 
made  by  mixing;  one  gallon  of  emulsified  asphalt  per  cubic  foot  of  aggregate  consisting  of  i  in.  stone 
chips  crushed  mie  with  the  dust  removed  and  20  per  cent  concrete  sand  added.  Asphalt  and  sand 
mixed  in  ordinary  batch  mixer.  Average  thickness  of  mastic  1}  inch.  Total  square  yards  of 
surface  treated  1,146.  The  cost  per  square  yard  not  including  contractors  profit  was,  labor 
preparing  floor  including  superintendence  26  cts.  Stone  and  sand  17  cts.,  emulsified  asphalt 
30  cts.,  mixing  and  placing  17  cts.,  total  cost  per  sq.  yd.  90  cts.  Labor  was  paid  40  cts.  per 
hour,  teams  80  cts.  per  hour. 

Tar  liat  on  Old  Timber  Bridge  Floor.-— An  old  timber  floor  of  a  bridge  1,700  ft.  long  at 
Stillwater,  Minnesota  was  covered  with  tar  and  gravel  in  1917  at  a  cost  of  19  ct.  per  sq.  yd.  The 
plank  was  calked  with  lath  and  thoroughly  washed.  When  floor  was  dry  it  was  coated  with  a 
priming  coat  of  Tarvia  B.  As  soon  as  Tarvia  B  was  absorbed  a  coat  of  Tarvia  A,  heated  to  125 
degrees  F.  was  applied,  and  immediately  covered  with  a  layer  of  gravel  which  had  passed  a  i  in. 
screen.  A  second  and  third  coat  were  applied  at  intervals  of  10  days.  After  a  year  the  coating 
was  in  good  condition. 

ESTIMATED  COST  OF  A  RIVETED  TRUSS  HIGHWAY  BRIDGE;— A  detaOed  estunate 
will  be  made  of  the  ill'  6"  riveted  Pratt  steel  highway  bridge  over  the  Illinois  and  Mississippi 
Canal,  the  detail  shop  plans  of  which  are  given  in  Figs,  i  and  2,  Chapter  XIV.  Date  of  esti- 
mate, 1908.  Present  (19 19)  prices  of  materials  and  labor  will  be  much  higher,  but  the  method  of 
calculation  will  be  the  same.  A  summary  of  the  estimate  of  the  weight  of  this  bridge  is  given 
in  Table  I. 

Cost  of  MateriaL— The  cost  of  the  steel  will  be  estimated  at  the  mill  at  Pittsb^ig,  Pa. 
Bridge,  Exclusive  of  Joists  and  Fence, — The  bridge  is  composed  of  beams,  angles,  bars,  plates 
and  pin  rounds  as  given  in  the  following  table: 


Shape. 

Weight.  Poiuds. 

Per  Cent.  oT 
Total  Weight. 

Coet  Per  Pound. 
Cenu. 

Percentage  of 
Pound  Coat,  Cenu. 

Beams  and  ChanncU 

Angles  y  and  under 

Angles  over  3" 

22,278 

15,779 
1,021 

11,585 

6,222 

506 

39 

27 

2 
20 
II 

I 

1.70 

1.60 
1.60 
1.60 
2.00 

0.663 

0-459 
0.032 
0.320 
0.176 
0.020 

Bars 

Plates 

Pin  Rounds 

Total 

57,391 

100 

1.670 

The  average  coet  of  the  steel  at  the  mill 1.670  cts.  per  lb. 

Waste  in  fabrication,  4  per  cent 0.067    "     "     " 

Paint  material o.oio    "     "     " 

Freight,  Pittsburgh  to  Chicago 0.165    "     "     " 

Average  cost  of  the  steel  at  the  shop 1.912    "     "    " 

Joists. — ^The  joists,  end  struts  and  hub  guards  (fence)  will  take  the  rate  of  1.70  cts.  per  lb. 
at  the  mill. 

The  average  cost  of  the  steel  at  the  mill 1.700  cts.  per  lb. 

Waste  in  fabrication,  2  per  cent 0.034    "     "     " 

Paint  material o.oio   *'     "     " 

Freight,  Pittsburgh  to  Chicago 0.165    "     "     " 

Average  cost  of  the  steel  at  the  shop 1.909    "     "     " 

*  Engineering  and  Contracting,  Aug.  i,  191 7. 
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Shop  Cost  of  the  Steel  in  the  Bridge,  Ezdiudve  of  Fence,  Joists,  etc — 

Average  coet  of  steel  at  the  shop 1.912  cts.  per  lb. 

Shop  cost,  including  drafting 0.750    "      "     " 


Total  shop  cost 2.662 

Freight,  shop  to  railroad  Station  near  site o.ioo    " 


II      11     «( 


Total  cost  at  railroad  station 2.762 


II      II     « 


Shop  Costs  of  Joists,  Fence  and  End  Struts. — 

Average  cost  of  the  steel  at  the  shop 1*909  cts.  per  lb. 

Shop  cost,  including  drafting 0.250   "     "     " 

Total  shop  cost 2.159    "     "     '• 

Freight,  shop  to  railroad  station  near  site o.ioo   "     "     " 

Total  cost  at  raihx)ad  station 2.259    "     "     " 

Brection. — 

Hauling  43  tons  4  miles,  ®  25  cts.  per  ton  mile  for  hauling  and  50  cts.  per  ton  for  loading 

and  unloading $  64.50 

Falsework. — ^Twenty  piles  35  ft.  long  @  15  cts.  per  ft 105.00 

Driving  525  lin.  ft.  piling  @  25  cts 131.25 

Timber,  6,000  ft.  B.  M. — J  price — @  $12.00 72.00 

Placing  timber,  6,000  ft.  B.  M.  @  $8.00 48.00 

Labor  erecting  and  bolting  the  steel,  30  days,  labor  @  $4.00 120.00 

Transportation  of  men  and  tools 60.00 

Driving  1,500  field  rivets  @  10  cts 150.00 

Labor,  painting  bridge  2  coats,  10  days  @  $4.00 40.00 

Labor,  erecting  floor  lumber,  12,000  ft.  B.  M.  @  $4.00 48.00 

Total  cost  of  erection $838.75 

Summary  of  Cost  of  Superstructure. — 

Steel,  57»393  lb.  @  2.762  cts.  per  lb $1,685.10 

Joists,  fence,  etc.,  26,713  lb.  @  2.259  cts 603.45 

Lumber — ^yellow  pine,  5,715  ft.  B.  M.  @  $25.00 142.87 

Lumber— oak  plank,  6,540  ft.  B.  M.  @  $32.00 209.28 

Paint,  20  gallons  @  $1.25  per  gallon 25.00 

Bolts  for  the  floor,  400  lb.  @  3  cts 12.00 

Spikes  for  the  floor,  400  lb.  ®  3  cts 12.00 

Cost  of  erection 838.75 

Total  cost  of  the  superstructure $3,52845 

Contract  Price. — 

Steel  in  place,  84,106  lb.  ®  4  cts.  per  lb $3,364.24 

Yellow  pine  in  place,  5,715  ft.  B.  M.  @  $36.00 205.74 

Oak  timber  in  place,  6,540  ft.  B.  M.  @  $46.00 300.84 

Total  contract  price $3,870.82 

Profit $   342.37 
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COST  OF  MASONRY  ABUTMENTS  AND  PIERS.— The  cost  of  masonry  abutments  and 
piers  varies  between  wide  limits,  depending  upon  the  cost  of  stone,  cost  of  quarrying,  cost  of 
dressing,  cost  of  laying,  cost  of  mortar,  cost  of  superintendence,  cost  of  tools,  cost  of  maintenance 
and  depreciation  of  plant.    Space  will  not  permit  a  discussion  of  all  the  above  items. 

Cost  of  Stone, — ^The  price  of  stone  is  usually  quoted  f.  o.  b.  at  the  quarry,  and  varies  with  the 
stone  and  location. 

Cost  of  Quarrying. — ^After  the  quarry  has  been  opened  in  limestone,  two-man  stone  for  rubble 
wall  can  usually  be  quarried  for  from  i  to  }  the  cost  of  the  daily  wages  of  a  quarry  laborer  per 
cu.  yd.  Stones  ranging  from  }  to  i  cu.  yd.,  that  have  to  be  blasted,  will  cost  per  cu.  yd.  from  i 
to  2  times  the  cost  of  the  daily  wages  of  one  man.  Dimension  stones  that  have  to  be  wedged  out 
will  cost  twice  as  much  as  the  large  stones  that  can  be  blasted.  This  estimate  is  high  for  sandstone 
and  low  for  granite. 

Cost  of  Dressing. — Rubble  is  roughly  scabbled  when  it  is  laid  and  there  is  no  special  charge 
for  dressing.  Dimension  stones,  if  dressed  to  lay  with  quarry  finish  and  fairly  close  joints,  will 
cost  from  $2.00  to  $3.00  per  cu.  yd.     Bush-hammering  costs  about  50  cents  per  sq.  ft. 

Cost  of  Laying. — One  mason  and  a  helper  can  lay  from  4  to  5  cu.  yd.  of  small  rubble  in  a  day 
of  8  hours.  If  a  derrick  is  necessary  and  some  dressing  required,  one  mason  and  a  helper  will 
lay  only  from  2  to  3  cu.  yd.  of  heavy  rubble  or  1}  to  2  cu.  yd.  of  dimension  stone  in  a  day  of 
8  hours. 

Cost  of  Mortar. — ^The  amount  of  mortar  required  varies  with  the  specifications  and  the  stone 
used.  Rubble  masonry  is  from  20  to  35  per  cent  mortar.  Dimension  stone  masonry  is  from  10 
to  15  per  cent  mortar.  Knowing  the  cost  of  cement  and  sand,  the  cost  of  the  mortar  can  be 
estimated. 

Miscellaneous  Costs. — ^The  cost  of  superintendence,  tools,  maintenance  and  depreciation  of 
plant,  etc.,  can  only  be  estimated  on  the  particular  work.  These  costs  may  vary  from  5  to  20 
per  cent  of  the  cost  above. 

ESTIMATES   OF   CONCRETE   HIGHWAY  BRIDGES   AND   FOUNDATIONS.— The 

making  of  estimates  of  reinforced  concrete  structures  involves  (a)  the  calculation  of  the  quantities 
of  cement,  sand,  coarse  aggregate,  reinforcing  steel,  lumber  and  other  materials  which  constitute 
the  structure;  (b)  the  cost  of  the  materials  which  are  to  be  used  in  the  structure,  and  (c)  the  cost 
of  the  labor  necessary  to  fabricate  and  erect  the  structure. 

EstiniAte  of  Quantities. — ^The  quantities  of  materials  should  be  calculated  from  the  plans. 
Forms  similar  to  those  used  for  structural  steel  bridges  should  be  used.  The  different  items 
should  be  worked  out  in  detail  in  order  that  the  different  classes  of  material  may  be  separated 
for  determining  the  costs. 

Estimate  of  Concrete. — ^All  concrete  should  be  measured  by  the  cubic  foot  or  cubic  yard, 
net  measurement  in  place.  All  openings  and  voids  should  be  deducted,  but  no  allowance  need  be 
made  for  bevels,  or  for  reinforcing  steel.  The  amount  of  cement,  sand  and  stone  or  gravel  in  a 
cubic  yard  of  concrete  will  vary  with  the  proportions,  and  character  of  the  aggregates.  If  the 
amount  of  cement  and  aggregates  in  the  concrete  have  not  been  determined  by  test,  the  quantities 
can  be  calculated  with  considerable  accuracy  by  means  of  Fuller's  rule. 

Fuller's  Rule. — ^The  proportions  of  concrete  materials  should  be  stated  in  terms  of  the  volume 
of  the  cement.  The  volume  of  one  barrel  or  four  bags  of  cement  is  taken  as  4.0  cu.  ft.  and  the 
sand  and  aggregate  are  measured  loose.  Concrete  mixed  one  part  cement,  2  parts  sand,  and 
4  parts  stone  is  commonly  called  1:2:4  concrete.  The  proportions  should  be  such  that  there 
should  be  more  than  enough  cement  paste  to  fill  the  voids  in  the  sand,  and  more  than  enough 
mortar  to  fill  the  voids  in  the  stone.  With  voids  in  sand  and  stone  varying  from  40  to  45  per  cent, 
the  quantities  of  the  ingredients  are  closely  given  by  Fuller's  rule,  where 

c  =  number  of  parts  of  cement; 

s  »  number  of  parts  of  sand; 

g  »  number  of  parts  of  gravel  or  stone. 
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Then  — r- — -7—-  ^  P  ™  number  of  barrels  of  Portland  cement  required  for  one  cu.  yd.  concrete. 
' —  —  number  of  cu.  yd.  sand  required  for  one  cu.  yd.  concrete. 

- — - — ^  =  number  of  cu.  yd.  gravel  or  stone  required  for  one  cu.  yd.  concrete. 

The  materials  for  one  cu.  yd.  of  i  :  2  :  4  concrete  will  then  be:  Portland  cement  1.57  barrels, 
sand  0.47  cu.  yd.,  gravel  or  stone  0.94  cu.  yd. 

The  proportions  for  plain  walls  commonly  vary  from  i  :  2}  :  5  to  i  :  3  :  6,  while  the  propor- 
tions for  reinforced  walls  vary  from  i  :  2  :  4  to  i  :  2}  :  5. 

Estimate  of  Reinforcing  SteeL — Reinforcing  bars  should  be  taken  off  the  plans  in  linear 

feet  and  reduced  to  weight  in  pounds.    Allowance  should  be  made  for  laps.     Pipe  sleeves,  tum- 

buckles,  bolts,  nuts  and  special  items  should  be  listed  separately.     Wire  cloth,  expanded  metal 

and  similar  reinforcement  sold  in  sheets  should  be  taken  off  in  square  feet,  allowance  being  made 

^  for  laps.     The  size  of  mesh  and  weight  of  steel  should  be  stated. 

Estimate  of  Forms. — Forms  should  be  measured  in  square  feet,  taking  all  the  area  of  concrete 
coming  in  contact  with  the  forms.  The  thickness  of  lumber  and  surface  finish  required  should 
be  noted.  The  posts,  sills,  struts  and  bracing  required  to  support  the  forms  should  be  taken  off 
separately.  If  lumber  is  to  be  used  more  than  once  this  fact  should  be  noted.  Piles  for  falsework 
should  be  listed  separately,  noting  the  size  and  length  required. 

Estimate  of  Surface  Finish. — ^The  finish  of  concrete  surfaces  should  be  measured  in  square 
feet.  Sidewalk  finish  should  be  measiu-ed  in  square  feet.  Sidewalk  finish  laid  after  the  structure 
is  complete  should  be  listed  separately. 

Cost  of  Materials. — ^The  cost  of  cement  at  the  mill  varies  with  market  conditions.  The 
present  (19 19)  irice  of  cement  at  the  mill  in  carload  lots  is  about  $2.00  per  barrel.  When  shipped 
in  cloth  bags  an  extra  charge  of  60  cents  per  bbl.  is  made  for  bags,  which  charge  is  refunded  if  the 
bags  are  returned  to  the  mill  in  good  condition.  The  cost  of  testing  cement  at  the  mill  is  about 
5  cts.  per  bag.  The  cost  of  freight  and  cost  of  unloading  and  hauling  to  the  bridge  site  must  be 
calculated  for  each  structure. 

Cost  of  Sand,  Gravel  and  Broken  Stone. — ^The  cost  of  sand  depends  upon  local  conditions 
and  may  be  as  low  as  $1.00  per  cu.  yd.  if  obtained  locally  and  may  be  from  $2.00  to  $3.00  per 
cu.  yd.  if  it  is  necessary  to  ship  the  sand  from  a  distance.  The  cost  of  gravel  and  broken  stone 
will  vary  in  the  same  way  as  sand.  If  gravel  is  available  it  can  usually  be  obtained  for  $1.50  to 
$2.00  per  cu.  yd.  Pit  run  gravel  commonly  contains  an  excess  of  sand  and  fine  material,  and 
requires  screening  if  the  aggregates  are  to  be  properly  graded.  The  cost  of  crushed  stone  is 
commonly  greater  than  the  cost  of  gravel. 

Cost  of  Lumber, — ^The  cost  of  lumber  for  falsework  and  forms  should  be  obtained  locally. 

Cost  of  Steel  Reinforcement. — ^The  price  of  steel  reinforcement  will  be  the  mill  price  plus 
the  cost  for  rail  and  team  transportation.  The  present  (19 19)  base  price  for  steel  rods  at  the  mill 
is  about  $2.50  per  100  pounds.  Base  prices  cover  bars  f  to  3  in.  in  diameter.  Smaller  and  larger 
bars  take  a  higher  rate  as  shown  in  Table  IV.  The  price  from  stock  will  be  from  50  cts.  to  $1.00 
in  advance  of  mill  prices. 

Cost  of  Mixing  and  Placing. — ^The  labor  in  mixing  and  placing  concrete  will  depend  upon 
the  amount  of  concrete  and  the  local  conditions.  With  a  2*bag  mixer  where  the  sand  and  broken 
stone  are  handled  in  wheel  barrows  the  cost  of  mixing  and  placing  concrete  in  highway  bridges, 
with  labor  at  an  average  of  40  cts.  per  hour  including  superintendence  but  not  including  profit 
or  cost  of  plant,  should  be  from  90  cts.  to  $1.00  per  cu.  yd.  The  allowance  to  be  made  for 
cost  of  plant  will  ordinarily  vary  from  50  cts.  to  75  cts.  per  cu.  yd.  With  a  4-bag  mixer  the  cost 
of  mixing  and  placing  will  be  reduced,  but  the  allowance  to  be  made  for  plant  will  be  increased. 
The  cost  of  plant  should  be  carefully  estimated  for  each  job,  for  the  reason  that  a  considerable  part 
of  the  expense  is  independent  of  the  size  of  the  job. 
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Cost  of  Fomui  and  Falsework. — ^The  amount  of  lumber  required  will  depend  upon  the  actual 
surface  of  concrete  and  also  upon  the  amount  of  lumber  that  can  be  used  more  than  once.  With 
a  highway  bridge  of  several  spans  the  form  lumber  can  be  used  more  than  once,  the  number  of 
times  depending  upon  the  details  of  design  and  the  details  of  construction.  The  forms  and  false- 
work should  be  as  carefully  designed  as  the  structure  which  is  to  be  built.  The  bill  of  lumber 
required  for  the  falsework  and  forms  should  be  taken  from  the  plans,  and  the  cost  calculated  for 
the  local  conditions.  The  salvage  value  of  the  falsework  and  forms  should  be  deducted  from  the 
final  cost.    The  cost  of  lumber  should  be  obtained  locally  on  small  jobs. 

The  cost  of  falsework  piles  should  be  obtained  locally  where  piles  are  available. 

The  cost  of  driving  piles  for  highway  bridges  will  vary  from  40  cts.  to  60  cts.  per  lineal  foot 
of  pile. 

With  carpenters  at  80  cts.  per  hour  and  common  labor  at  40  cts.  per  hour,  the  cost  of  framing 
and  placing  falsework  will  vary  from  |8.oo  to  $12.00  per  M.  The  cost  of  erecting  forms  will 
vary  from  $12.00  to  $20.00  per  M. 

Cost  of  Placing  Reinforcement. — ^The  cost  of  bending  and  placing  steel  reinforcement  will 
depend  upon  the  size  of  the  reinforcing  steel  and  upon  the  skill  of  the  men  employed  in  doing  the 
work.  With  labor  at  40  cts.  per  hour  the  cost  of  bending  and  placing  steel  reinforcement,  in 
highway  bridges,  including  superintendence  but  not  including  profit,  will  vary  from  $10.00  to 
$15.00  per  ton. 

Examples  of  Cost  of  Concrete  Highway  Bridges.  The  following  summaries  of  costs  of  con- 
structing concrete  highway  bridges  will  be  of  value. 

Cost  of  Kearney,  Nebraska,  Concrete  Arch  Bridge.* — ^This  bridge  consisted  of  i^  concrete 
arches  varying  by  5  ft.  increments  from  55  ft.  spans  at  the  ends  to  85  ft.  spans  at  the  center. 
The  foundations  extend  3  ft.  below  low  water  and  rest  on  40  ft.  cypress  piles  extending  12  in.  into 
the  footings.  A  i  :  2  : 4  concrete  was  used.  A  steam  hammer  was  used  in  driving  the  piles. 
Concrete  was  mixed  with  a  }  cu.  yd.  mixer  driven  by  steam  power.  Common  labor  was  paid  an 
avera^  of  30  cts.  per  hour,  carpenters  45  cts.  per  hour,  foremen  45  to  50  cts.  per  hour.  The 
quantities  of  materials  in  the  bridge  were,  concrete  2,300  cu.  yds.;  reinforcing  steel  5^  tons; 
ulsework  piles  68  bents  of  four  i6-ft.  piles,  12  ft.  penetration,  or  272  piles;  foundation  piles  415 
piles,  each  40  ft.  long;  form  lumber  131,453  ft.  B.M.  The  cost  of  driving  falsework  piles  was  49 
cts.  per  lineal  foot.  The  cost  of  driving  foundation  piles  was  32  cts.  per  lineal  foot.  Lumber 
cost  $36.11  per  M.  About  one-third  of  the  lumber  was  salvaged  at  $15.44  per  M.  The  cost  of 
placing  steel  reinforcement  was  $1 1.40  per  ton.  The  cement  cost  $2.18  per  bbl.  at  the  site.  The 
amount  of  cement  used  per  cu.  yd.  of  concrete  was  1.35  bbl.  Sand  and  gravel  were  obtained  at 
the  site.  The  contractor  received  17  cts.  per  cu.  yd.  for  screening  sand,  and  40  cts.  per  cu.  yd. 
for  screening  gravel. 

Summary  of  Cost  of  Concrete. 


Foundations. 
833  Cu.  Yd. 
Per  Cu.  Yd. 


Arches. 
MI  Cu.  Yd. 
Per  Cu.  Yd. 


Spandrel. 
•70  Cu.  Yd. 
Per  Cu.  Yd. 


Rail. 
•76  Ctt.  Yd. 
Per  Cu.  Yd. 


Lumber,  etc 

Forms,  Labor 

Cement 

Sand  and  Gravel. . . 
Mixing  and  Placing. 


?2.65 

1.36 

2.95 

.47 

1.31 


J2.24 
1.39 
2.9s 

.47 
1.39 


$  2.24 

519 
2.9s 

.47 
2.IS 


*>.6s 
3.84 
2.9s 

.47 
1.84 


Total  cost  per  cu.  yd. 


J8.74 


?8.44 


813.00 


t9'75 


Cost  of  Concrete  in  Culverts.! — ^The  cost  of  building  sixteen  concrete  culvert  bridges  in  Iowa 
in  19 1 8,  with  spans  varying  from  6  to  60  ft.  varied  from  $9.49  to  $23.54  per  cu.  yd.,  with  an 
average  of  $12.12  per  cu.  yd.  Three-fourths  of  the  concrete  was  plain,  1-3-5  nuxi  and  one-fourth 
l-«-4  mix,  with  reinforcing. 


*  Engineering  and  Contracting,  February  27,  19 18. 
t  Engineering  and  Contracting,  June  26,  19 18. 
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Cost  of  Concrete  Culvert  Pipe.* — ^At  the  5th  annual  convention  of  the  Iowa  Road  Offidak 
at  Ames,  la.,  in  1918,  the  following  data  on  the  cost  of  makine  concrete  culvert  pipe  at  the  plant 
of  Adair  County  were  given  by  C.  H.  Lehmkuhl,  engineer  of  the  county: 


SiM  of  Pipe, 
In. 

ThickaeM,  In. 

LenrH,Ft. 

Concrete  in  Each 
Pipe.  Cn.  Ft. 

Cort  per  Pipe.                              | 

19x5. 

1916. 

1917. 

15 
18 

H 
36 

3 

4 
4 

3 

4 

t 

6 

3.00 

17.80 
20.90 

?i.74 
2.72 
4.08 
8.04 
9.84 

;i.8o 
2.80 

840 
9.90 

31.95 
3.C0 

4-40 

8.76 

10.56 

*  Engineering  and  Contracting,  June  12,  1918. 
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CHAPTER  XXVI. 
Erection  of  Bridges. 

latrodtictioiu — ^The  constniction  of  concrete  highway  bridges  and  foundations,  and  the 
erection  of  steel  highway  bridges  will  be  briefly  discussed  in  this  chapter.  For  additional  data 
on  the  erection  of  steel  bridges  and  for  details  of  erection  tools  and  equipment,  see  the  author's 
"Structural  Engineers'  Handbook."  ^ 

CONSTRUCTION  OF  CONCRETE  BRIDGES.— The  details  of  mbung  and  placing 
concrete  are  given  in  the  "General  Specifications  for  Concrete  Highway  Bridges  and  Foundations" 
in  Appendix  II.  A  brief  summary  of  the  important  points  will  be  given  here.  Good  clean  sand 
and  stone  or  gravel  are  absolutely  essential.  While  a  small  amount  of  pure  clay  may  not  be 
detrimental  it  is  rare  that  pure  clay  occurs  in  sand  and  stone  or  gravel;  the  impurities  more  often 
being  loam  and  other  deleterious  matter.  While  a  small  amount  of  crusher  dust  properly  mixed 
may  not  be  objectionable,  it  is  objectionable  when  it  clings  to  the  broken  stone  and  prevents 
proper  bonding  of  the  mortar.  The  fine  and  coarse  aggregates  must  be  in  the  proper  proportion 
and  be  properly  graded  from  fine  to  coarse.  Gravel  very  rarely  occurs  in  the  proper  proportions 
of  fine  and  coarse  aggregate  to  be  used  without  screening.  Proper  proportions  of  cement,  fine 
and  coarse  aggregate  require  that  there  shall  be  slightly  more  cement  than  is  necessary  to  fill  the 
voids  in  the  sand,  and  slightly  more  mortar  than  is  necessary  to  fill  the  voids  in  the  stone.  It  is 
also  necessary  that  the  fine  and  coarse  aggregates  be  so  proportioned  as  to  give  a  concrete  o€ 
maximum  density  with  the  given  quantity  of  cement.  The  relative  amount  of  fine  and  coars& 
aggregates  should  be  determined  either  by  mechanical  analysis  or  by  means  of  trial  proportions.. 
For  determining  the  proper  proportions  by  trial  a  pair  of  scales  and  several  measuring  veaaels 
are  all  the  apparatus  necessary.  By  varying  the  proportions  and  mixing  the  ingredients  the 
densest  mixture  may  be  determined  by  weighing.  The  percentage  of  voids  in  fine  and  coarse 
aggregate  may  be  determined  by  weighing  a  measured  quantity  of  aggregate.  The  specific 
gravity  of  quartz  sand  is  closely  2.65.  For  example,  a  sand  weighing  100  lb.  per  cubic  foot  will 
have  solid  contents  equal  to  100/(2.65  X  62.5)  =  60.4  per  cent;  and  will  have  39.6  per  cent  voids. 
The  aggregate  should  be  dried  before  determining  the  percentage  of  voids.  If  the  percentage  of 
voids  in  fine  and  coarse  aggregates  are  determined  separately,  the  voids  should  also  be  determined 
for  the  fine  and  coarse  aggregates  when  completely  mixed.  In  one  case  coming  to  the  author's 
attention  in  investigating  a  failure  of  a  reinforced  concrete  flume,  while  the  percentage  of  voids 
in  the  sand  and  gravel  when  determined  separately  was  each  35  per  cent,  the  percentage  of  voids 
in  the  sand  and  gravel  when  mixed  in  the  proportion  of  2  sand  to  5  gravel  was  33  per  cent,  due  to 
the  fact  that  the  sand  was  coarse  and  the  gravel  contained  a  large  percentage  of  pea  gravel.  In  a 
1-2-5  mixture  the  cement  paste  filled  only  about  40  per  cent  of  the  voids.  The  resulting  concrete 
was  a  weak  chalky  mass  which  fell  to  pieces  when  water  was  turned  into  the  flume.  A  field  test 
ofthis  concrete  made  by  breaking  a  concrete  specimen  with  a  hammer,  would  have  shown  the 
quality  of  the  concrete  and  saved  the  structure. 

Concrete  should  be  thoroughly  mixed  with  only  suflicient  water  to  make  a  pasty  mass,  not  a 
soupy  mass,  after  vigorous  mixing  in  a  mixer  that  will  thoroughly  grind  the  mortar  and  fully  coat 
the  fine  and  coarse  aggregates.  Soupy  concrete  results  in  pockets,  and  porous  concrete,  and  some- 
times distinct  lines  of  separation  through  a  wall  or  a  girder.  The  proper  consistency  is  the  stiffest 
mixture  that  will  admit  of  proper  contact  with  the  reinforcement  and  with  the  forms.  To  secure 
this  contact  the  concrete  should  be  puddled  and  joggled  and  tamped  to  remove  all  air  pockets 
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and  to  fill  all  voids.  Concrete  deposited  under  water  through  tremies  should  be  thoroughly  mixed 
before  depositing.  Properly  mixed  concrete  making  a  stiff  mixture  will  not  separate  as  much  as 
dry  concrete  when  deposited  under  water. 

Forms. — ^Forms  should  be  rigid  and  should  be  carefully  finished.  The  forms  should  be 
designed  to  support  the  loads,  and  every  precaution  should  be  taken  to  prevent  sagging  and 
leakage  during  construction.  The  comers  should  be  properly  filleted  and  the  detaib  properly 
worked  out  to  give  a  pleasing  appearance  to  the  finished  structure.  For  all  important  work  the 
lumber  used  for  face  work  should  be  dressed  to  uniform  thickness  and  width,  should  be  sound  and 
free  from  loose  knots,  and  should  be  secured  to  the  studding  or  uprights  in  horizontal  lines.  For 
backing  and  other  rough  work  undressed  lumber  may  be  used.  Lumber  used  a  second  time 
should  be  cleaned,  and  resized  if  necessary  to  insure  plane  siuiaces. 

Design  of  Falsework  and  Forms. — ^Falsework  and  forms  should  be  designed  to  prevent 
undue  deflection,  and  to  prevent  the  crushing  of  the  timber  across  the  grain.  Where  falsework 
and  form  lumber  is  carefully  selected  the  allowable  stresses  given  for  timber  in  "Specifications 
for  Timber  Bridges  and  Trestles"  in  Chapter  XVI  may  be  increased  by  twenty-five  per  cent.  In 
designing  falsework  and  forms  it  should  always  be  remembered  that  rigidity  is  more  important 
than  low  fiber  stresses.  The  spans  should  therefore  be  kept  small  and  ample  supports  and  ties 
should  always  be  provided. 

The  practice  of  the  Illinois  Highway  Commission  in  designing  forms  for  reinforced  concrete 
girder  bridges  is  as  follows: 

"  I.  Rail  and  Girder  Forms. — Forms  for  ade  rails  of  reinforced  concrete  slab  bridges  may  be 
constructed  of  i-inch  sheeting  with  vertical  studs  placed  not  farther  apart  than  s  feet.  Forms 
for  the  girders  of  reinforced  concrete  girder  bridges  should  preferably  be  constructed  of  com- 
mercial 2-inch  sheeting  with  studs  not  farther  apart  than  2^  feet.  All  sheeting  should  be  siuiaced 
on  the  side  adjacent  to  the  concrete. 

"2.  Bracing  Rail  Forms, — Rail  or  girder  forms  are  best  kept  in  line  by  extending  the  caps 
of  each  bent  a  sufficient  distance,  bracing  them  to  the  falsework  posts  and  then  running  a  heavy 
string-piece  along  the  ends  of  the  extended  caps,  bracing  from  this  string-piece  to  each  stud  of  the 
Tail  or  girder  forms. 

"3.  Setting  Panel  and  Coping  Forms. — ^The  panels  and  coping  of  rail  and  girder  forms  should, 
-whenever  practicable,  be  omitted  until  the  floor  of  the  span  has  been  concreted.  The  weight  of 
-the  floor  is  usually  the  greater  part  of  the  total  weight  of  the  superstructure  and  if  any  settlement 
•of  the  falsework  occurs,  it  is  usually  when  the  floor  is  placed.  If  the  panel  and  coping  forms  are 
•completed  before  any  concrete  is  placed,  settlement  of  the  falsework  will  show  in  the  paneb 
and  coping.  It  is  not  safe  to  trust  to  a  camber  to  take  care  of  the  settlement,  as  the  settlement 
is  almost  sure  to  be  uneven  at  the  different  supports.  The  side  forms  of  the  rails  or  girders 
should  preferably  be  left  3  or  4  inches  higher  than  the  finished  girder,  and  just  before  the  last 
concrete  is  placed,  a  triangular  molding  should  be  nailed  on  the  inside  of  the  forms  at  the  exact 
elevation  required  and  used  as  a  guide  for  a  template  in  striking  off  the  top  of  the  girder.  If 
these  precautions  are  taken  the  portions  of  the  work  visible  from  the  roadway  may  show  perfect 
lines,  although  a  settlement  of  the  concrete  may  have  occurred  which  shows  as  a  sag  in  the  bottom 
of  the  girders  when  viewed  from  the  side.  A  small  settlement  of  falsework  which  occurs  before 
the  concrete  has  set  does  not  injure  the  strength  of  the  bridge. 

"4.  Construction  of  Girder  Forms, — Girder  forms  should  be  so  built  as  to  permit  of  ready 
removal  without  injury  to  the  concrete.  The  underside  of  copings  should  be  given  a  pitch  towards 
the  girder  for  this  purpose.  Great  care  should  be  taken  to  secure  perfect  alignment  of  rail  and 
girder  forms.     Local  kinks  should  be  taken  out  before  the  concrete  is  placed. 

"5.  Alignment  of  Forms. — Correct  alignment  of  girder  and  rail  forms  can  not  be  too  strongly 
emphasized.  Irregular  lines  are  exceedingly  unsightly  and  as  the  bridge  will  be  judged  for  all 
time  to  come  from  the  appearance  of  the  portion  visible  from  the  roadway,  if  this  appearance  is 
unsightly,  the  bridge  will  oe  condemned  by  the  pubUc  regardless  of  the  possible  excellence  of  the 
concrete." 

The  following  instructions  for  constructing  concrete  highway  bridges  were  prepared  by  Mr. 
M.  W.  Torkelson,  bridge  engineer,  Wisconsin  Highway  Commission. 

**  I.  Never  place  the  bents  for  any  kind  of  falsework  more  than  five  feet  apart. 

If  you  can  possibly  get  a  pile  driver,  use  driven  piling  to  support  your  falsework. 

"3.  If  you  cannot  get  a  pile  driver,  good  bottom  can  be  obtainecfby  laying  planks  or  timbers 
on  the  stream  bed  to  get  a  good  wide  footing  for  each  bent,  then  plaang  the  mud  sill  upon  the 
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planks  to  support  the  posts.  Before  the  planks  or  timbers  are  laid  upon  the  stream  bed  this 
should  be  leveled  and  all  soft  mud  or  easily  moved  sand  should  be  removed.  Sometimes  tem- 
porary concrete  sills  can  be  used  to  advantage,  but  the  principle  is  the  same  as  fOr  wooden  sills. 

*^.  The  posts  for  the  bents  should  be  eight  inches  tnick  and  of  good  sound  timber.  Always 
use  eight  posts  in  each  bent  where  the  road  is  20  ft.  wide,  and  arrange  the  posts  so  that  two  will 
come  under  each  railing. 

"5.  Use  a  heavy  cap  on  top  of  the  posts  fastening  either  with  dowels  or  by  means  of  very 
heavy  spiking,  and  let  this  cap  extend  about  four  feet  beyond  the  railing. 

'6.  The  floor  can  best  be  directly  supported  by  2  X  10  joists  spaced  18  inches.  Under 
railings  double  this  up. 

"7.  With  the  joists  spaced  as  in  (6)  the  floor  can  be  i-inch  or  {-inch  material.  It  should  be 
nailed  to  the  joists  with  8-penny  nails  and  should  extend  about  four  feet  beyond  the  outside 
of  the  tailing.     This  extra  width  is  needed  to  brace  the  railing  and  for  walking  across  the  bridge. 

"8.  Be  sure  to  cross-brace  the  falsework  both  ways  so  that  it  will  be  held  rigid  against 
pressure  from  any  direction.  Unless  this  is  looked  after  the  falsework  is  liable  to  wobble  when 
the  placing  of  the  concrete  begins. 

"9.  ^ways  use  good  planed  and  sized  lumber  on  the  railing  as  this  is  the  part  of  the  work 
which  shows  up.  Have  ail  panel  work  and  three  cornered  chamfer  strips  made  at  the  same 
planing  mill.  Send  your  bridge  plan  to  the  mill  and  have  strips  cut  to  the  proper  dimensions. 
Wet  railing  forms  thoroughly  before  pouring  concrete. 

**  10.  Always  keep  a  man  tampme  the  concrete  next  to  the  forms.  This  will  give  a  good 
smooth  surface  when  they  are  removed  and  diminish  the  work  of  finish.  A  wooden  tamper  will 
give  better  results  than  a  steel  spade. 

"11.  Removal  of  Forms.  In  order  to  make  possible  the  obtaining  of  a  satisfactory  surface 
finish,  forms,  on  ornamental  work,  railings,  parapets,  and  vertical  surfaces  that  do  not  carry 
loads  and  which  will  be  exposed  in  the  finished  work  shall  be  removed  in  not  less  than  twelve  (12) 
nor  more  than  forty-eight  (aS)  hours,  depending  upon  weather  conditions.  Forms  under  slabs, 
beams,  girders,  ancf  arches  snail  remain  in  place  at  least  twenty-one  (21)  days  in  warm  weather, 
and  in  cold  weather  at  the  discretion  of  tne  Engineer.  Forms  shall  always  be  removed  from 
columns  before  removing  shoring  from  beneath  beams  and  girders,  in  orcler  to  determine  the 
conditions  of  column  concrete. 

"No  forms  whatever  shall  be  removed  at  any  time  without  the  consent  of  the  Engineer. 
Such  consent  shall  not  relieve  the  contractor  of  responsibility  for  the  safety  of  the  work.  As  soon 
as  the  forms  are  removed  all  rough  places,  holes,  and  porous  spots  shall  be  filled,  and  all  bolts, 
wires,  or  other  appliances  used  to  hold  the  forms  and  which  pass  through  the  concrete  shall  be 
cut  off  or  pushed  back  with  nail  set  one-half  (})  inch  below  the  surface  and  the  ends  covered 
with  cement  mortar  of  the  same  mix  as  used  in  the  body  of  the  work." 

The  falsework  and  form  plans  given  in  Fig.  i  to  Fig.  4  were  prepared  by  Mr.  M.  W.  Torkelson, 
bridge  engineer  for  the  Wisconsin  Highway  Commission. 
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Fig.  I.    Falsework  for  Concrete  Bridges. 


The  plans  shown  in  (a)  Fig.  i,  are  for  spans  up  to  and  including  14  ft.;  while  the  plans  shown 
in  (6)  Fig.  i,  are  for  spans  of  16  ft.  to  24  ft.  inclusive.  The  bents  should  be  spaced  5  ft.  centers. 
Use  four  2  in.  by  10  in.  joists  under  the  railing.  Use  hardwood  wedges  for  camber  and  to  facilitate 
removal  of  forms. 

The  falsework  in  Fig.  2  should  be  used  where  it  is  impossible  to  drive  piles.  Bents  should 
be  spaced  not  more  than  5  ft.  centers  and  two  posts  should  be  spaced  under  the  railing.  Use  four 
2  in.  by  10  in.  joists  under  the  railing.     Use  2  in.  by  6  in.  joists  on  top  of  footing  under  each  joist. 
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Use  hardwood  wedges  for  camber  and  to  facilitate  erection.     Details  of  an  elevation  of  a  bent 
are  shown  in  Fig.  3. 

The  falsework  bent  shown  in  Fig.  3  may  be  a  framed  bent  supported  on  a  mudsill  as  is  shown 
on  the  left,  or  may  be  a  pile  bent  as  is  shown  on  the  right.  Eight  posts  or  eight  piles  should  be 
used  in  a  bent  for  a  20  ft.  roadway.    Two  posts  or  piles  should  be  spaced  dose  together  under  the 
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Fig.  2.    Falsework  for  Concrete  Bridges. 


railing.  Bents  should  be  spaced  not  more  than  5  ft.  centers.  Use  four  2  in.  by  10  in.  joists  under 
the  railing.  Use  hardwood  wedges  for  camber  and  to  facilitate  erection.  Pour  floor  to  top  of 
curb,  then  build  inside  railing  form  to  top  of  2  in.  by  6  in.  plate,  or  under  side  of  coping,  and  pour 
rail  to  this  point.  Let  concrete  set  while  pouring  other  rail  to  this  height.  Return  to  first  rail 
and  see  if  any  settlement  has  occurred,  and  if  so  wedge  up  2  in.  by  6  in.  plate  level  before  building 
form  for  coping.  Always  provide  camber  in  forms  J  in.  for  each  10  ft.  of  span.  Have  three- 
cornered  strip  made  at  planing  mill.     For  elevation  5nd  section  of  railing  forms  see  Fig.  4. 
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Fig.  3.    Falsework  Plans  and  Railing  Forms  for  Concrete  Bridges. 

Details  of  forms  for  retaining  walls  as  constructed  by  the  Illinois  Central  R.  R.  are  shown 
in  Fig.  5.  The  forms  were  constructed  in  sections  54  ft.  long.  The  forms  were  cross-braced  by 
}-in.  rods  spaced  7  ft.  8}  in.  centers  as  shown.  When  the  forms  were  taken  down  the  ends  of 
these  rods  were  unscrewed,  the  main  portions  of  the  rod  being  left  in  the  wall.  The  forms  were 
made  of  2-in.  plank  surfaced  on  the  inside. 
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Fig.  4.    Forms  for  Railings  for  Concrete  Bridges. 

Fornis  used  by  the  Chicago  and  Northwestern  Ry.  are  shown  in  Fig.  6.  The  forms  were 
built  in  sections  35  ft.  long.  The  2  in.  X  8  in.  braces  were  used  to  hold  the  sides  of  the  forms 
apart  and  were  removed  as  the  concrete  was  put  in  place.  The  2-in.  pipe  used  to  cover  the  rod 
bracing  was  old  boiler  flues  and  rejected  pipe. 
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Fig.  5. 


Forms  for  Illinois  Central  R.  R. 
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Fig.  6.    Forms  for  C.  &.  N.  W.  Ry. 
Retaining  Wall. 
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The  forms  for  concrete  arch  culverts  as  prepared  by  the  Michigan  State  Highway  Depart- 
ment are  shown  in  F^.  7. 

Falsework  for  Arches. — ^The  detail  plans  for  the  falsework  used  in  the  erection  of  a  concrete 
arch  bridge  on  the  joint  track  of  the  Colorado  and  Southern  Ry.  and  the  Denver  and  Rio  Grande 
R.  R.  in  Colorado  are  shown  in  Fig.  8.  The  bridge  consisted  of  twin  arches  each  having  a  span 
of  60  ft.,  and  a  barrel  112  ft.  long.  The  falsework  was  designed  to  carry  the  actual  loads  which 
would  come  on  the  falsework  during  erection.  The  falsework  was  made  very  rigid  in  order  that 
there  should  be  no  appreciable  settlement.  The  falsework  was  constructed  with  a  barrel  having 
a  length  of  60  ft.,  so  that  one-half  of  each  arch  could  be  constructed  at  one  time.    The  abutments 


Centers  to  be  spaced  4'0'*c.  to  c. 
Fig.  7.    Forms  for  Concrete  Arch  Culvert. 

were  first  constructed  and  then  the  falsework  was  constructed  for  one-half  of  each  arch.  The 
concrete  was  then  placed  on  each  arch  beginning  at  the  springing  and  proceeding  upward  to  the 
crown.  The  crown  segments  were  constructed  last.  The  arches  were  not  reinforced,  except  that 
a  small  amount  of  reinforcing  steel  ^^as  placed  near  the  extrados  of  each  arch  to  make  it  possible 
for  the  ends  of  each  arch  to  act  as  a  cantilever  until  the  crown  segment  was  placed.  The  false- 
work proved  to  be  very  rigid,  the  maximum  settlement  noted  in  the  arch  sheeting  was  one  huii> 
dredth  of  a  foot,  with  no  appreciable  distortion.  The  forms  were  lowered  by  means  of  the  sand 
boxes  shown  in  the  drawing.     After  several  years  the  arches  show  no  cracks. 

After  the  one-half  of  the  bridge  was  constructed  the  falsework  was  taken  down  and  re- 
erected  for  the  remaining  half  of  the  bridge.  The  additional  cost  required  to  make  the  falsework 
very  rigid  was  more  than  compensated  for  by  the  saving  in  cost  of  placing  the  concrete.  The 
arch  was  designed  and  constructed  by  Crocker  and  Ketchum,  consulting  engineers.  The 
author  was  in  direct  charge  of  the  design  of  the  arch  and  the  falsework. 

Lagging. — ^Lagging  for  concrete  arches  should  be  of  surfaced  lumber,  preferably  tongue 
and  groove,  and  should  be  water  tight. 

Construction  of  Concrete  Arches. — ^The  arch  ring  should  not  be  constructed  until  the  fill 
around  the  abutments  has  been  carried  up  to  the  skewback.  The  rings  should  preferably 
be  concreted  in  one  continuous  operation,  but  if  this  is  not  practicable  the  arch  ring  may  be 
divided  into  several  sections  by  transverse  bulkheads  parallel  to  the  roadway,  each  ring  being  of 
such  size  that  it  can  be  concreted  in  a  single  continuous  operation.  The  concreting  should  be 
carried  on  symmetrically  about  the  crown  of  the  arch.  If  the  arch  ring  is  heavy  additional  rein- 
forcement should  be  inserted  near  the  extrados  over  the  haunch  so  that  the  segments  of  the  arch 
will  act  as  cantilevers  until  the  arch  is  closed  at  the  crown.^  The  spandrel  walls  should  not  be 
cast  until  the  centers  are  struck,  and  the  coping  should  not  be  cast  until  the  spandrel  wall  is 
completed.  On  very  large  arches  it  may  be  necessary  to  divide  the  arch  ring  into  voussoirs,  so 
that  the  arch  ring  can  be  poured  in  such  a  manner  as  to  load  the  centers  symmetrically.    The 
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extrados  of  the  arch  ring  and  the  inside  surface  of  spandrel  walls  snould  be  left  smooth  to  receive 
the  waterproofing.  The  surface  may  be  waterproofed  as  described  in  §  75,  Appendix  II,  or  the 
membrane  method  may  be  used.  Before  applying  the  membrane  the  surface  of  the  concrete 
should  be  clean  and  dry  and  not  less  than  15  days  old.  A  primer  coat  should  be  applied  cold. 
For  asphalt  the  primer  coat  should  be  asphalt  thinned  with  petroleum  distillate;  while  for  coal 
tar  the  primer  coat  should  be  creosote  oil  which  shall  be  a  pure  tar  distillate  free  from  any  sub 
stance  foreign  to  a  tar  distillate.  The  membrane  should  be  applied,  so  as  to  lap  joints  as  for  tar 
and  gravel  roofs.  The  surface  of  the  concrete  and  of  all  laps  are  to  be  mopped  with  hot  asphalt 
or  hot  tar.  Especial  care  must  be  used  to  flash  the  concrete  in  angles  and  to  provide  the  necessary 
expansion  joints.  For  details  of  waterproofing  concrete  bridge  floors,  see  the  author's  "Struc- 
tural Engineers*  Handbook." 
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Fig.  8.    Falsework  for  Concrete  Arch  Bridge,  C.  &  S.  Ry.  and  D.  &  R.  G.  R.  R. 


Section  E'E 


Spandrel  filled  arches  should  be  drained  by  French  drains  15  in.  square  provided  with  suitable 
tile  outlets.  Drains  should  be  provided  for  all  abutments  and  retaining  walls.  Filling  of  spandrel 
filled  arches  should  be  deposited  in  layers  6  in.  to  8  in.  thick,  and  thoroughly  compacted  by 
ramming.    The  fill  should  be  made  symmetrically  from  both  ends  of  the  arch. 

StrUdng  Centers. — Centers  should  be  gradually  and  uniformly  lowered  in  such  a  manner 
as  not  to  produce  injurious  stresses.  The  forms  for  small  span  arches  should  be  supported  on 
hard  wood  wedges,  while  sand  boxes  should  be  used  for  large  span  arches.  In  mjld  weather, 
centers  should  remain  in  place  under  arches  of  less  than  60  ft.  span  for  at  least  21  days,  and  under 
arches  over  60  ft.  span  for  at  least  28  days. 

Depositiiig  Concrete  Under  Water. — ^The  depositing  of  concrete  under  water  should  be  avoided 
if  possible,  as  results  are  somewhat  uncertain  even  when  the  work  is  done  under  strict  supervision. 
The  methods  that  give  the  best  results  are: 

I.  The  concrete  is  lowered  in  large  buckets  having  a  hinged  bottom  which  sets  sufiiciently 
far  above  the  lower  edge  of  the  bucket  that  it  may  open  freely  downward  and  outward  when  the 


Digitized  by 


Google 


458  ERECTION  OF  BRIDGES.  Chap.  XXVI. 

bucket  reaches  the  surface  upon  which  the  concrete  is  to  be  deposited.    The  top  of  the  bucket  is 
left  open.     The  bucket  should  be  completely  filled  before  lowering. 

2.  The  concrete  is  deposited  through  a  vertical  tube  or  "  tremie  "  reaching  down  to  the  surface 
upon  which  the  concrete  is  to  be  deposited.  The  tremie  should  be  kept  filled  and  the  flow  of 
concrete  should  be  continuous.  In  beginning  the  operation  the  tremie  should  be  filled  with  con- 
crete in  such  a  manner  that  the  concrete  is  not  permitted  to  drop  through  the  water.  This  may 
be  accomplished  by  plugging  the  tremie  with  sacks  which  will  be  forced  down  as  the  tremie  is  filled 
with  concrete,  by  plugging  the  end  of  the  tremie  with  a  cloth  sack  filled  with  cement,  or  by  other 
means.     If  the  charge  is  lost  the  tremie  should  be  filled  before  proceeding. 

3.  The  concrete  may  be  deposited  in  loosely  filled  porous  cloth  or  jute  bags.  These  bags  are 
placed  so  as  to  bond  together.    Th^  mortar  working  through  the  porous  bags  cements  the  mass. 

4.  Premoulded  concrete  blocks  of  large  dimensions  may  be  used. 

5.  A  canvas  bag  may  be  used  as  a  depositing  bag  in  place  of  a  bucket.  After  filling,  the 
mouth  of  the  bag  is  closed  by  one  turn  of  a  line  so  looped  that  a  pull  on  the  line  will  release  it. 
The  bag  is  lowered  mouth  down  to  the  surface  upon  which  the  concrete  is  to  be  deposited,  and  a 
pull  on  the  line  opens  the  bag  and  releases  the  concrete. 

The  following  precautions  should  be  taken  in  depositing  concrete  under  water: 

(a)  The  concrete  should  be  made  with  aggregate  smaller  in  size  than  for  concrete  deposited 
in  air.  The  aggregate  should  be  carefully  graded  so  as  to  make  a  dense  mixture.  The  mix  should 
be  not  less  than  1-2-4  mix,  and  should  contain  more  cement  than  for  concrete  deposited  in  air. 
The  concrete  should  be  thoroughly  mixed  in  a  batch  mixer  with  only  sufficient  water  to  make 
a  stiff  mass.  Concrete  should  never  be  deposited  in  running  water.  In  running  water  a  cofferdam 
should  be  constructed  in  such  a  manner  as  to  insure  still  water  within  the  cofferdam.  The  con- 
crete shall  be  deposited  continuously  in  order  that  laitance  may  not  form  between  the  layers  of 
concrete. 

(b)  Before  beginning  concreting  after  an  interruption  the  laitance  should  be  removed  from 
the  surface  of  the  concrete  already  placed.  It  is  impossible  to  prevent  the  formation  of  laitance, 
but  great  care  should  be  taken  to  reduce  the  amount  of  laitance  and  also  to  prevent  the  formation 
of  horizontal  cracks.  Concrete  should  not  be  deposited  in  water  the  temperature  of  which  is  cold 
enough  to  retard  setting. 

Placing  Reinforcement. — ^The  vertical  steel  in  abutments  and  piers  should  be  in  place  and 
be  rigidly  supported  before  concreting  is  started.  The  horizontal  steel  should  be  wired  in  place 
in  advance  of  the  concrete  as  indicated  on  the  plans.  All  the  steel  in  the  superstructure  should 
be  wired  in  place  before  any  concrete  is  deposited  in  the  forms.  Great  care  should  be  used  to 
see  that  the  steel  is  located  exactly  as  shown  on  the  drawings.  Reinforcing  steel  should  be  sup- 
ported on  metal  or  other  approved  supports  to  hold  it  at  the  proper  distance  above  the  forms. 
The  practice  of  laying  reinforcing  steel  directly  on  the  forms  and  attempting  to  raise  the  steel 
during  construction  is  pernicious  and  should  not  be  permitted. 

Inspection  of  Design  and  Construction  of  Concrete  Structures. — ^The  construction  of  concrete 
structures  should  not  be  separated  from  the  design,  but  the  engineer  who  prepares  the  design 
should  supervise  the  construction. 

The  design  drawings  and  specifications  should  give  the  dead,  live  and  wind  loads,  the  allow- 
ance for  impact,  the  working  stresses,  and  the  arrangement  of  all  details.  The  drawings  should 
show  the  size,  length,  location  of  points  of  bending,  and  exact  position  of  all  reinforcement,  includ- 
ing stirrups,  ties,  hooping  and  splicing.  The  specifications  should  state  the  qualities  of  all  materials 
and  the  proportions  that  are  to  be  used. 

Plans  should  also  be  prepared  by  the  engineer  for  all  falsework  and  forms.  Alternate  plans 
for  falsework  and  forms  should  be  invited  from  experienced  contractors. 

Inspection  during  construction  should  be  made  by  the  engineer's  inspectors,  and  should 
cover  the  following: 
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I.  Tests  and  inspection  of  materiab.  2.  Construction  and  erection  of  falsework  and  forms. 
3.  Sizes,  arrangement,  position  and  fastening  of  reinforcement.  4.  Proportioning,  mixing,  con- 
sistency, and  placing  of  concrete.  5.  Tests  of  concrete  made  on  work.  6.  Testing  concrete  to 
see  if  it  is  sufficiently  hardened  before  supports  are  removed.  7.  Protection  of  finished  parts  of 
structure  from  injury.  8.  Comparison  of  dimensions  of  all  finished  parts  of  structure  with  plans. 
9.   Inspection  of  finish  of  concrete. 

ERECTION  OF  STEEL  HIGHWAY  BRIDGES.—The  details  of  the  operation  of  erecting 
steel  highway  bridges  will  depend  upon  the  type  of  bridge,  length  of  span  and  character  of  the 
crossing.  Short  span  plate  girder  and  riveted  truss  bridges  may  be  riveted  or  bolted  up  on  the 
bank,  and  then  swung  in  place  by  means  of  a  gin  pole  (a  long  pole  held  solidly  at  the  bottom  and 
held  in  place  at  the  top  by  guy  ropes;  the  load  is  lifted  by  blocks  and  falls  fastened  to  the  top  and 
bottom  of  the  pole,  while  the  load  is  swung  into  place  by  manipulating  the  guy  ropes).  Pin- 
connected  bridges  of  all  spans  and  long  span  riveted  truss  bridges  are  erected  on  falsework,  usually 
constructed  of  timber. 

Through  truss  bridges  are  usually  erected  by  means  of  a  gantry  overhead  traveler  which 
runs  on  a  track  supported  on  the  falsework.  Details  of  a  through  bridge  traveler  are  shown  in 
Fig.  9.     The  falsework  may  be  made  of  framed  bents  as  shown  in  Fig.  10,  or  pile  bents  may  be  used. 

Falsework. — Falsework  for  the  erection  of  bridges  is  built  up  of  bents  made  of  three  or  more 
posts  or  piles,  braced  transversely  in  the  same  manner  as  for  permanent  trestles.  Framed  bents 
are  carried  on  mudsills,  or  on  piles  when  the  foundation  is  inadequate  or  where  there  is  flowing 
water.  Where  piles  cannot  be  driven  in  running  water  or  where  there  is  danger  of  flood,  it  may 
be  necessary  to  use  spread  footings  which  are  anchored  in  place.  Where  it  is  practicable  to 
obtain  piles  of  sufficient  length  they  may  be  used  for  the  full  height  of  the  falsework.  The  timber 
used  in  building  falsework  should  be  sound,  strong,  free  from  defects  that  will  affect  its  strength 
or  interfere  with  its  use.  Since  the  structure  is  temporary,  durability  is  not  an  important  element 
in  selecting  timber  for  falsework  unless  it  is  to  be  used  several  times. 

For  examples  of  timber  trestles,  see  Chapter  XVI. 

Plans  of  typical  four-legged  falsework  as  used  by  the  American  Bridge  Company  are  shown 
in  Fig.  10.  When  trains  are  to  be  carried  and  2-8  in.  X  16  in.  stringers  are  used  under  each  rail, 
bents  must  not  be  spaced  over  18  ft.  centers  for  the  falsework  as  shown. 

Piles. — ^Timber  piles  may  be  driven  with  a  drop  hammer  or  with  a  steam  hammer.  A  spool 
roller  pile  driver  with  a  drop  hammer  is  shown  in  Fig.  11.  The  hammer  is  raised  to  the  top  of 
the  leads  by  the  hoisting  engine;  the  hammer  is  then  permitted  to  fall  on  the  top  of  the  pile, 
dragging  the  hoisting  rope  down  with  it.  The  force  of  the  blow  of  the  hammer  depends  upon  the 
weight  of  the  hammer,  the  height  of  free  fall,  and  the  resistance  of  the  hammer  in  the  leads. 
By  catching  the  hammer  as  it  descends  the  operator  can  cushion  the  blow  so  that  the  safe  bearing 
power  of  a  pile  as  calculated  from  the  penetration  may  be  very  misleading. 

The  safe  load  on  piles  may  be  calculated  by  the  Engineering  News  formula  given  in  $  82  of 
the  "General  Specifications  for  Concrete  Highway  Bridges  and  Foundations,"  Appendix  II. 
Piles  should  have  a  penetration  of  not  less  than  10  ft.  in  hard  material  and  not  less  than  15  ft. 
in  soft  material. 

The  following  specifications  may  be  used  for  falsework  piles.  All  piles  are  to  be  spruce, 
yellow  pine  or  oak,  not  less  than  8  in.  in  diameter  at  the  tip  and  not  more  than  14  in.  in  diameter 
at  the  butt.  Piles  are  to  be  straight  and  sound,  and  free  from  defects  affecting  their  strength. 
Piles  are  to  be  driven  into  hard  ground  until  they  do  not  move  more  than  i  in.  under  the  blow  of 
a  hammer  weighing  2,000  lb.  and  falling  25  ft. 

Erection  of  a  Through  Truss  Bridge. — ^The  following  description  of  the  erection  of  a  409-ft. 
Petit  through  pin-connected  highway  bridge  will  illustrate  the  method  of  erecting  truss  bridges. 
The  falsework  was  constructed  by  driving  5  lines  of  piles  to  a  good  refusal.  The  piles  were  sawed 
off  and  capped  with  12"  X  12"  timbers.    The  longitudinal  sills  for  the  traveler  were  10"  X  12" 
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timbera,  while  3''  X  10''  timbers  were  used  for  transverse  and  longitudinal  bracing.  The  pile 
bents  were  spaced  29  ft.  centers,  which  was  the  same  as  the  panel  length  of  the  bridge.  The 
traveler  was  built  so  that  it  would  clear  the  bridge  when  it  was  erected,  and  was  58  ft.  long.  After 
the  falsework  was  completed  the  traveler  was  erected  and  moved  out  on  the  track  to  the  center 
of  the  bridge.  The  floorbeams  and  lower  chord  bars  were  then  put  in  place  on  the  falsework, 
care  being  used  to  see  that  the  pedestals  would  come  in  their  proper  places. 


Tnrvn/er-  Coaatand 


'VoHtcf/hes  chnot^  sill  to  b€  us^d  when  /Mceaaaq^ 

Fig.  10. 


^Mtedrmea  d&ioU  sJffh  he  i/secfwliefi  necessary 
Theaversqe  maximum  lenqthot leg  iiottoexceedJO-O. 
ZldbUrioqers  are  to  be  ordered  either  26-0  orX'O' 
to  suit  conditions. 

This  typeioFfy/se  work  is  desiijned  For  heavy  single 
trac/r  spans  w/jen  trains  am  not  carried  and  For' 
sinqie  track  spans  up  to  250  when  trains  are  carried'. 


TYP/ML  FOIM-LE66BJRIL5EWORK 
flMEKiCmBRIPGi:  COliFffliY 

ofnewyork 


The  four  vertical  posts  forming  the  middle  double  panels  were  then  lifted  into  place  by 
means  of  a  hoisting  engine  and  were  bolted  to  the  floorbeams.  The  diagonals  were  then  put  in 
place  and  the  posts,  the  diagonals  and  the  lower  chords  were  connected  up.  The  middle 
sections  of  the  top  chord  were  then  put  in  place  and  the  diagonals,  top  struts,  sway  and  lateral 
bracing  were  put  in  place.  The  middle  panel  of  the  bridge  was  now  self-supporting.  The 
traveler  was  then  moved  58  ft.  toward  one  end  of  the  bridge  and  the  next  double  panel  was 
erected,  and  so  on  until  finally  the  end-posts  were  erected.  The  traveler  was  then  taken  back 
past  the  center  of  the  bridge  and  the  other  end  was  erected  in  the  same  manner.  The  blocking 
was  then  knocked  from  under  the  panel  points  and  the  span  was  swung  free.  The  riveting  was 
then  completed,  the  floor  joists  and  floor  covering  were  put  in  place  and  the  bridge  was  painted. 
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Pilot  points  and  driving  nuts,  as  shown  in  Fig.  17,  Chapter  XV.,  are  used  in  driving  chord 
pins  to  protect  the  threads. 

In  erecting  deck  bridges  the  traveler  is  often  run  on  the  completed  part  of  the  span.  Sted 
trestles  may  be  erected  from  a  traveler  run  on  top  of  the  completed  structure;  or  the  bents  may 
be  riveted  up  on  the  ground  and  then  erected  by  using  a  gin  pole,  and  after  the  towers  have  been 
erected  the  girders  are  raised  in  place  by  means  of  gin  poles  fastened  to  the  tops  of  the  towers. 

In  erecting  small  highway  bridges  of,  say,  loo-ft.  span,  a  traveler  is  not  ordinarily  used. 
After  building  the  falsework,  as  previously  described,  the  four  vertical  posts  near  the  center, 
together  with  the  middle  sections  of  the  top  chord,  are  raised  by  means  of  gin  poles,  a  hand  crab 
being  used  in  place  of  a  hoisting  engine. 


:lzll'M^/iif^^^ ^^  *i 


r'£'*4i;>H  = 


/^ifV'i?^'i;^ii 


4'^£'^4'0* 


4U''m^- 


Stanhard  4S'0 
Lano  Pile  Driver 

AmefiCBH  Bridj^  Co 


Fig.  II.    Details  of  Standard  Pile  Driver.    American  Bridge  Company. 


The  top  chord  of  bridges  should  be  designed  with  special  reference  to  the  methods  used  in 
erecting  the  bridge.  In  bridges  with  parallel  chords,  the  middle  section  of  the  top  chord  should 
be  detailed  so  that  the  middle  panel  of  both  chords  may  be  erected  and  made  self-supporting. 
Splices  in  top  chords  should  be  placed  as  near  panel  points  as  practical,  and  between  the  panel 
point  and  the  nearest  end  of  the  bridge.  In  bridges  with  inclined  chords  no  splices  are  required, 
the  stresses  in  the  chords  being  transferred  directly  through  the  pin. 

Erection  Equipment. — Details  and  description  of  erection  equipment,  including  derricks, 
hoists,  and  erection  tools  are  given  in  the  author's  "Structural  Engineers*  Handbook." 
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Mill  Inspection. — ^The  details  of  mill  inspection  are  given  in  "General  Specifications  for 
Steel  Highway  Bridges"  in  Appendix  I.  While  the  product  of  rolling  mills  is  quite  uniform,  mill 
inspection  of  the  material  is  very  desirable.  The  mill  inspection  is  ordinarily  done  by  a  repre- 
sentative of  a  testing  concern  who  is  stationed  at  the  mill.  Where  material  is  taken  from  stock 
it  18  necessary  to  waive  mill  inspection. 

Shop  Inspection. — ^The  drawings  are  checked,  and  the  fabricated  members  are  checked  with 
the  drawings.  All  defects  discovered  are  corrected.  All  defective  material  is  replaced.  The 
following  items  are  important  in  shop  inspection.  Note  that  the  various  pieces  of  which  a  member 
is  to  be  constructed  are  straight  and  free  from  dust  or  dirt.  Surfaces  coming  in  contact  should  be 
painted  two  coats  of  paint  before  being  riveted  together.  Rivet  holes  should  match  so  that  hot 
rivets  may  enter  the  hole  without  driving.  Drift  pins  may  be  used  for  drawing  the  parts  of  the 
member  together,  but  not  for  enlarging  rivet  holes.  If  holes  do  not  match  they  should  be  reamed. 
The  pieces  should  be  tightly  drawn  together  with  bolts  before  the  rivets  are  driven.  For  usual 
conditions  about  twenty-five  per  cent  of  the  holes  should  be  filled  with  erection  bolts,  tightly 
drawn  up  before  any  rivets  are  driven.  If  the  plates  are  not  well  drawn  up  the  hot  metal  will 
flow  between  the  plates,  resulting  in  defective  rivets  and  a  loose  connection.  Rivets  should  be 
driven  with  a  direct  acting  power  riveter.  Rivets  driven  by  hand  or  with  a  pneumatic  hammer 
should  be  very  carefully  inspected.  The  heads  should  be  full  and  concentric.  If  insuflicient  stock 
is  used  the  head  will  be  formed  without  filling  the  hole  or  the  heads  will  not  be  fully  formed,  and  the 
rivets  will  work  loose.  With  too  much  stock  a  lip  will  be  formed  around  the  head.  Stock  that 
will  give  a  small  amount  of  lip  is  much  better  than  scant  stock.  Pinholes  should  be  bored  after 
the  member  is  completely  riveted.  The  holes  should  be  at  right  angles  to  the  axis  of  the  member, 
and  should  be  of  the  proper  size  and  exactly  spaced.  Reamed  holes  are  first  punched  to  a  smaller 
diameter  and  are  then  reamed  with  twist  drills  to  the  required  size.  Holes  should  be  reamed  with 
the  members  as  in  final  position  or  a  steel  template  should  be  used.  The  thickness  and  dimen- 
sions, of  all  plates  and  the  thickness  and  weights  of  all  structural  shapes  should  be  checked. 

All  rivets  in  the  finished  members  should  be  tested  for  tightness  by  striking  the  head  of  the 
rivet  a  sharp  blow  with  a  light  hammer.  Loose  rivets  give  a  dull,  hollow  sound.  If  the  finger 
is  held  on  the  side  of  the  head  on  the  opposite  side  when  the  blow  is  struck,  a  loose  rivet  can 
easily  be  detected.  Great  care  must  be  used  in  culling  out  loose  rivets  to  prevent  loosening  other 
rivets  in  a  connection.  A  single  loose  rivet  in  a  joint  with  sufficient  sound  rivets  may  be  permitted 
to  remain,  if  its  removal  is  liable  to  loosen  other  rivets  in  the  connection.  The  painting  should 
be  carefully  inspected  to  see  that  the  paint  is  thoroughly  mixed  with  first  class  materials,  that  the 
metal  is  clean,  dry  and  warm  when  the  paint  is  applied,  and  to  see  that  the  paint  is  well  spread 
and  worked  in  with  round  brushes.  The  first  coat  of  paint  on  structural  steel  is  the  most  important 
one.  If  the  shop  coat  of  paint  is  porous  and  irregular  the  later  coats  will  be  ineffective.  The 
only  solution  will  be  to  thoroughly  scrape  and  clean  off  the  old  paint  before  applying  the  field  coat. 

Field  Inspection. — If  shop  inspection  has  not  been  made  the  material  should  be  inspected 
before  it  is  erected  in  place.  The  connections  should  be  field  bolted  with  at  least  fifty  per  cent  of 
the  holes  filled  with  drift  pins  and  field  bolts.  The  plates  must  be  drawn  tightly  together  before 
any  rivets  are  driven.  Before  rivets  are  driven  in  the  main  trusses  the  camber  blocking  should 
be  removed.  Milled  joints  should  be  square  and  in  full  bearing.  Make  sure  that  the  expansion 
rollers  or  rockers  are  properly  located. 

SEFERENCBS. — For  additional  data  on  the  erection  of  bridges  consult  the  following; 
Ketchum's  "  Structural  Engineers'  Handbook;  Hool  and  Johnson's  "  Concrete  Handbook." 
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APPENDIX  I. 
GENERAL  SPECIFICATIONS  FOR  STEEL  HIGHWAY  BRIDGES.* 

BY 

MILO  S.  KETCHUM, 

M.  Am.  Soc.  C.  E. 

Fourth  Edition, 

1920. 

PART  I.    DESIGN. 
General  Description. 

1.  CliiiHWfft — Bridges  under  these  specifications  are  divided  into  eight  classes,  as  follows*. 
Class  A. — ^For  city  traffic. 

Class  B. — ^For  suburban  or  interurban  traffic  with  heavy  electric  cars. 

Class  C. — ^For  country  roads  with  ordinary  traffic  and  hght  electric  cars. 

Class  Di. — ^For  country  roads  with  heavy  traffic. 

Class  Ds. — ^For  country  roads  with  light  traffic. 

Class  El. — ^For  heavy  electric  street  railways  only. 

Class  Et. — For  medium  electric  street  railways  only. 

Class  Ei. — ^For  light  electric  street  railways  only.  ^ 

2.  MatoiaL — ^All  parts  of  the  structure  shall  be  of  rolled  steel,  except  the  flooring,  floor 
joists  and  wheel  guards,  when  wooden  floors  are  used.  Cast  iron  or  cast  steel  may  be  used  in  the 
machinery  of  movable  bridges,  for  wheel  guards,  and  for  bed  plates  and  rocken. 

3.  Types  of  Truss. — ^The  following  types  of  bridges  are  recommended: 
Spans  up  to  30  ft. — Rolled  beams. 

Spans  from  ^o  to  80  ft. — Riveted  plate  girders,  or  riveted  low  trusses  for  classes  A,  B,  Ei, 
Es  and  E^;  and  nveted  low  trusses  for  classes  C,  Di  and  D|. 
Spans  80  to  160  ft. — Riveted  or  pin-connected  high  trusses. 

Spans  160  to  200  ft. — Pin-connected  trusses  of  the  Pratt  type  with  inclined  chords. 
Spans  over  200  ft. — Pin-connected  trusses  of  the  Petit  type  or  K-type. 

4.  Length  of  Span. — In  calculating  the  stresses  the  length  of  span  shall  be  taken  as  the 
distance  between  centers  of  end  pins  for  pin-connected  trusses,  centers  of  end  bearing  plates  for 
riveted  trusses  and  for  girders,  and  center  to  center  of  trusses  for  floorbeams. 

5.  Form  of  Trasses. — ^The  form  of  truss  shall  preferably  be  as  given  in  paragraph  3.  In 
through  trusses  the  end  vertical  suspenders  and  the  two  panels  of  the  lower  chord  at  each  end 
shall  be  made  rigid  members  if  the  wind  load  produces  a  reversal  of  stress  in  the  lower  chord.  In 
through  bridges  the  floorbeams  shall  be  riveted  above  or  below  the  lower  chord  pins. 

6.  Lateral  Bradng. — ^All  lateral  and  sway  bracing  shall  preferably,  and  all  portal  bracine 
must  be,  made  of  shapes  capable  of  resisting  compression  as  well  as  tension,  and  shall  have  riveted 
connections.  Low  trusses  and  through  pUte  girders  shall  be  stayed  by  knee  braces  or  gusset 
plates  at  each  floorbeam. 

7.  Spacing  of  Trasses. — ^For  bridges  canying  electric  cars  the  clear  width  from  the  center  of 
the  track  shall  not  be  less  than  7  ft.  at  a  height  exceeding  one  foot  above  the  track  where  the 
tracks  are  straight,  and  an  equivalent  distance  when  the  tracks  are  curved.  The  distance  between 
centers  of  trusses  shall  in  no  case  be  less  than  one-twentieth  of  the  span  between  the  centers  of 
end-pins  or  shoes,  and  shall  preferably  not  be  less  than  one-twelfth  of  the  span. 

8.  Head  Room.— For  classes  A,  B,  C,  Di,  Ei,  Ei  and  Ei  the  clear  head  room  for  a  width  of 
eight  (8)  ft.  on  each  track,  or  eight  (8)  ft.  on  the  center  line  of  the  bridge  shall  not  be  less  than 
15  ft.,  and  for  class  D*  not  less  than  12)  ft. 

9.  Footwalks. — ^Where  footwalks  are  required,  they  shall  generally  be  placed  outside  of  the 
trusses  and  be  supported  on  longitudinal  beams  resting  on  ovenianging  steel  brackets. 

10.  Handrailing. — ^A  strong  and  suitable  handrailing  shall  be  placed  at  each  side  of  the  bridge 
and  be  rigidly  attached  to  the  superstructure. 

11.  Trestle  Towers. — ^Trestle  bents  shall  preferably  be  composed  of  two  supporting  columns, 
two  bents  forming  a  tower;  each  tower  thus  formed  shall  be  thoroughly  braced  in  both  duections 
and  have  struts  between  the  feet  of  the  columns.  The  feet  of  the  columns  must  be  secured  to 
an  anchorage  capable  of  resisting  one  and  one-half  times  the  specified  wind  forces  ($89). 

♦To  accompany  "General  Specifications  for  Construction  of  a  Highway  Bridge,  "Chapter 
XXIV,  page  430. 
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Each  tower  shall  have  a  sufficient  base»  longitudinally  to  be  stable  when  standing  alone, 
without  other  support  than  its  anchorage.  Tower  spans  for  high  trestles  shall  not  be  less  than 
30  ft. 

12.  Proposals. — Contractors  in  submitting  proposals  shall  furnish  complete  stress  sheets, 
general  plans  of  the  proposed  structures,  and  such  detail  drawings  as  will  clearly  show  the  dimen- 
sions of  all  the  parts,  modes  of  construction  and  sectional  areas. 

13.  Drawings. — Upon  the  acceptance  and  the  execution  of  the  contract,  all  working  drawings 
required  by  the  engineer  shall  be  furnished  free  of  cost  (§168). 

14.  Approval  of  Plans. — No  work  shall  be  commenced  or  materials  ordered  until  the  working 
drawings  have  been  approved  by  the  engineer  in  writing. 

FLOOR  SYSTEM. 

15.  Fiooibeams. — ^All  floorbeams  shall  be  rolled  or  riveted  steel  girders,  rigidly  connected 
to  the  trusses  at  the  panel  points,  or  may  be  placed  on  the  top  of  deck  bridges  at  panel  points. 
Floorbeams  shall  preferably  be  square  to  the  trusses  or  girders. 

16.  Joists  and  Stringers. — ^AU  joists  and  stringers  of  bridges  of  classes  A,  B,  Ei,  Et  and  Ei 
shall  be  of  steel.  Joists  for  classes  C,  Di  and  Dt  may  be  either  of  wood  or  steel  as  specified. 
Steel  joists  shall  be  securely  fastened  to  the  cross  floorbeams,  and  steel  stringers  shall  preferably 
be  riveted  to  the  webs  of  floorbeams  by  means  of  connection  angles  at  least  ^  in.  thick. 

17.  End  Spacers  for  Stringers. — ^Where  end  floorbeams  cannot  be  used,  stringers  resting  on 
masonry  shall  have  cross-frames  at  their  ends.  These  frames  shall  be  riveted  to  girder  or  truss 
shoe  where  practicable. 

18.  Wooden  Joists. — ^Wooden  floor  joists  shall  be  spaced  not  more  than  2  J  ft.  centers,  and 
shall  lap  by  each  other  so  as  to  have  a  full  bearing  on  the  floorbeams,  and  shall  be  separated  i  in. 
for  free  circulation  of  air.  Their  width  shall  not  be  less  than  3  in.,  or  one-fourth  the  depth  in 
width.  The  proportion  of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equal  to 
the  spacing  of  the  joists  in  feet  divided  by  four  feet.  No  impact  shall  be  considered  in  the  design 
of  wooden  joists,  planks  or  ties.^  Oak,  longleaf  yellow  pine  and  Oregon  fir  shall  be  designed  for  a 
safe  bending  of  1,500  lb.  per  sq.  in.,  bearing  across  the  fiber  of  400  lb.  per  sq.  in.,  and  shearing  along 
the  grain  of  140  lb.  per  sq.  in.  Outside  joists  shall  be  designed  for  the  same  live  loads  as  the  inter- 
mecUate  joists. 

19.  Steel  Joists. — Steel  I-beams  when  used  as  joists  shall  have  a  depth  of  not  less  than  one- 
thirtieth  of  the  span,  and  one-twentieth  of  the  span  when  used  as  track  stringers.  The  proportion 
of  the  concentrated  live  load  carried  by  one  joist  shall  be  taken  equal  to  the  spacing  of  the  joists 
in  feet  divided  by  four  feet  when  timber  flooring  is  used,  and  divided  by  six  feet  when  a  reinforced 
concrete  or  other  rigid  floor  is  used.  Outside  joists  shall  be  designed  for  the  same  live  loads  as  the 
intermediate  joists. 

20.  Floor  Plank. — ^For  single  thickness  the  roadway  planks  shall  not  be  less  than  3  in.  thick 
nor  less  than  one-eighth  of  the  distance  between  centers  of  joists,  and  shall  be  laid  transversely  with 
}  in.  openings  and  securely  spiked  to  each  joist.  AH  plank  shall  be  laid  with  heart  side  down. 
When  an  additional  wearing  surface  is  rec^uired  it  shall  be  1}  in.  thick,  and  the  lower  planks  of  a 
minimum  thickness  of  3  in.  shall  be  laid  diagonally  with  }  in.  openings. 

21.  Footwalk  plank  shall  be  not  less  than  2  in.  thick  nor  more  than  6  in.  wide,  spaced  with 
}  in.  openings. 

All  planK  shall  be  laid  with  heart  side  down,  shall  have  full  and  even  bearing  on  and  be  firmly 
attachea  to  the  joists. 

22.  Wheel  Guards. — ^Wheel  jguards  of  a  cross-section  of  not  less  than  6  in.  by  4  in.  shall  be 
provided  on  each  side  of  the  roadway.  The^  shall  be  spliced  with  half-and-half  joints  with  6  in. 
lap,  and  shall  be  bolted  to  the  stringers  or  joist  with  f  in.  bolts,  spaced  not  to  exceed  5  ft.  apart. 

23.  Solid  Floor. — ^For  bridges  of  classes  A  and  B  a  solid  floor,  consisting  of  wooden  blocks, 
brick,  stone,  asphalt,  etc.,  on  a  concrete  bed  is  recommended.  For  this  case  the  floor  shall  con- 
sist of  buckle  plates  or  corrugated  sections  or  reinforced  concrete  slabs,  and  a  waterproof 
concrete  (bitumen  or  cement)  bed  not  less  than  3  in.  thick  for  the  roadway  and  2  in.  thick  for  the 
footwalk,  over  the  highest  point  to  be  covered,  not  counting  rivet  or  bolt  heads.  The  floor  shall 
be  laid  with  a  slope  of  at  least  one  inch  in  10  ft. 

Reinforced  Concrete  Floor. — See  specifications  for  reinforced  concrete  floor  in  "  General 
Specifications  for  Concrete  Highway  Bridges  and  Foundations,"  Appendix  II,  and  for  the 
distribution  of  loads  on  slabs  see  Chapter  IX. 

24.  Buckle  plates  shall  not  be  less  than  A  in.  thick  for  the  roadway  and  }  in.  thick  for  the 
footwsuk.    The  crown  of  the  plates  shall  not  be  less  than  2  in. 

25.  For  solid  floor  the  curb  holding  the  paving  and  acting  as  a  wheel  guard  on  each  side  of 
the  roadway  shall  be  of  stone  or  steel  projecting  about  6  in.  above  the  finished  paving  at  the  gutter. 
The  curb  shall  be  so  arranged  that  it  can  be  removed  and  replaced  when  worn  or  injured.  There 
shall  also  be  a  metal  edging  strip  on  each  side  of  the  footwalk  to  protect  and  hold  the  paving  in 
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26.  Dxainage. — Provision  shall  be  made  for  drainage  clear  of  all  parts  of  the  metal  work. 

37.  Floor  of  Classes  £1,  Es,  and  £t. — ^The  floors  of  classes  Ei,  Ei,  and  Et  shall  consist  of 
cross-ties  not  less  than  6  in.  by  6  in.  for  stringers  spaced  6}  ft.;  and  larger  for  greater  spacings, 
they  shall  be  spaced  with  openings  not  exceeding  6  in.,  shall  be  notched  down  }  in.,  and  secured 
to  the  supportmg  stringers  by  }  in.  bolts  spaced  not  over  6  ft.  apart.  The  ties  shall  extend  the 
full  width  of  the  bridge  on  deck  bridges,  and  every  other  tie  shall  extend  the  flill  width  in  through 
bridges  to  carry  the  footwalk.  Ties  shall  be  designed  for  the  same  allowable  unit  stresses  as 
wooden  joists. 

There  shall  be  guard  timbers  not  less  than  6  in.  by  6  in.,  or  5  in.  by  7  in.,  on  each  side  of 
each  track,^  with  their  inner  faces  not  less  than  9  in.  from  the  center  of  the  rail.  They  shall  be 
notched  i  in.  over  every  tie,  and  shall  be  spliced  over  a  tie  with  a  half-and-half  joint  with  6  in. 
lap.  Each  guard  timber  shall  be  fastened  to  every  third  tie  and  at  each  splice  with  a  f  in.  bolt. 
All  heads  or  nuts  on  the  upper  faces  of  ties  or  guards  shall  be  countersunk  below  the  surface  of 
the  wood. 

PART  II.    LOADS. 

28.  Dead  Load.— The  dead  load  will  consist  of  (i)  the  weight  of  the  metal,  and  (2)  the  weight 
of  the  timber  in  the  floor,  or  of  the  material  other  than  steel.  In  determining  the  dead  load  the 
weight  of  oak  or  other  hard  wood  shall  be  taken  at  4J  lb.  per  foot  board  measure,  and  the  weight 
of  pine  or  other  soft  woods  at  3J  lb.  per  foot;  the  weight  of  asphalt  at  130  lb.,  of  concrete  and 
paving  brick  at  150  lb.,  and  of  granite  at  160  lb  .per  cu.  ft. 

^  The  rails,  fastenings,  splices  and  guard  timbers  of  street  railway  tracks  shall  be  assumed  to 
weigh  not  less  than  100  lb.  per  lineal  foot  of  track. 

_  29.  Live  Load. — ^The  bridges  of  different  classes  shall  be  designed  tq  carry,  in  addition  to 
their  own  weight  and  that  of  the  floor,  a  moving  load,  either  uniform  or  concentrated,  or  both,  as 
specified  below,  placed  so  as  to  give  the  greatest  stress  in  each  member. 

Class  A.  Por  City  Traffic, — For  the  floor  and  its  supports,  on  any  part  of  the  roadway  or 
on  each  of  the  street  car  tracks,  a  concentrated  load  of  24  tons  on  two  axles  10  ft.  centers  and  5  ft. 
Rage  (assumed  to  occupy  12  ft.  in  width  for  a  single  line  or  22  ft.  for  a  double  line),  and  upon 
the  remaining  portion  of  the  floor,  a  load  of  125  lb.  per  sq.  ft.  and  a  concentrated  load  as  for  class 
Di.    Sidewalks  a  load  of  100  lb.  per  sq.  ft. 

Loads  for  the  trusses  as  per  Table  I. 

Class  B.  For  Suburban  or  Interurhan  Traffic— Vorth^  floor  and  its  supports,  on  any  part 
of  the  roadwajr,  a  concentrated  load  of  12  tons  on  two  axles  lo-ft.  centers  and  5-ft.  gage  (assumed 
to  occupy  a  width  of  12  ft.),  or  on  each  street  car  track  a  concentrated  load  of  24  tons  on  two 
axles  lo-ft.  centers;  and  on  the  remaining  portion  of  the  floor,  a  load  of  125  lb.  per  sq.  ft.  and  a 
concentrated  load  as  for  class  Di.    Sidewalks  a  load  of  100  lb.  per  sq.  ft. 

Loads  for  the  trusses  as  per  Table  I. 

Class  C.  For  Highway  and  Light  Interurhan  Traffic, — ^For  the  floor  and  its  supports,  on 
any  part  of  the  roadway,  a  concentrated  load  of  12  tons  on  two  axles  lo-ft.  centers  and  5-ft.  gage 
(assumed  to  occupy  a  width  of  12  ft.),  or  on  each  street  car  track  r  concentrated  load  of  18  tons 
on  two  axles  lo-ft.  centers;  and  upon  the  remaining  portion  of  the  floor,  a  load  of  125  lb.  per  sq.  ft. 
and  a  concentrated  load  as  for  class  Di.    Sidewall^  a  load  of  100  lb.  per  sq.  ft. 

Loads  for  the  trusses  as  per  Table  I. 

CUiss  Du  Heavy  Country  Bridges, — ^For  the  floor  and  its  supports,  a  load  of  125  lb.  per  sq.  ft. 
of  total  floor  surface  or  a  20-ton  motor  truck  with  axles  spaced  12  ft.  and  wheels  with  6  ft.  centers, 
with  14  tons  on  rear  axle  and  6  tons  on  front  axle.  The  truck  to  occupy  a  space  10  ft.  wide  and 
32  ft.  long.     The  rear  wheels  to  have  a  width  of  20  in. 

Loads  for  the  trusses  as  per  Table  I.  No  bridge,  however,  to  be  designed  for  a  load  of  less 
than  1,000  lb.  per  lineal  foot  of  bridge. 

Class  Df.  Oridnary  Country  Bridges.— For  the  floor  and  its  supports,  a  load  of  100  lb.  per 
sq.  ft .  of  total  floor  surface  of  a  i§-ton  motor  truck  with  axles  spaced  10  ft.  and  wheels  with  6  ft.  cen- 
ters, and  occupying  a  space  10  ft.  wide  and  30  ft.  long,  with  10  tons  on  rear  axle  and  5  tons  on 
front  axle,  and  with  rear  wheels  15  in.  wide. 

Loads  for  the  trusses  as  per  Table  I.  No  bridge,  however,  to  be  designed  for  a  load  of  less 
than  800  lb.  per  lineal  foot  of  bridge. 

Class  El.  For  Heavy  Electric  Railways  Only. — On  each  track  a  series  of  concentrations 
consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5  ft.  centers,  while  the  distance 
between  centers  of  interior  axles  is  10  ft,,  the  pairs  of  trucks  being  spaced  15  ft.  centers.  The 
axles  are  loaded  with  a  load  of  40,000  lb.,  making  a  total  of  160,000  lb.  Or  a  uniform  load  of  6,000 
lb.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  4,500  lb.  per  lineal  foot  for  spans  of  200  ft. 
anci  over,  and  proportionately  for  intermediate  spans. 
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Class  Et.  For  Medium  Electric  Railways  Only, — On  each  track  a  series  of  concentiations 
consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5-ft.  centers,  while  the  distance 
between  centers  of  interior  axles  is  10  ft.,  the  pairs  of  trucks  being  spaced  1 5-ft.  centers.  The 
axles  are  loaded  with  a  load  of  25,000  lb.,  makinfi^  a  total  load  of  100,000  lb.  Or  a  uniform  load 
of  3,500  lb.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  2,000  lb.  per  lineal  foot  for  spans 
of  200  ft.  and  over,  and  proportionately  tor  intermediate  spans. 

Class  £|.  Far  Light  Electric  Railways  Only. — On  each  track  a  series  of  concentrations 
consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5-ft.  centers,  while  the  distance 
betwee;n  centers  of  interior  axles  is  10  it.,  the  pau^  of  trucks  being  spaced  15  ft.-centers.  The 
axles  are  loaded  with  a  load  of  20,000  lb.  making  a  total  load  of  80,000  lb.  Or  a  uniform  load  of 
2,500  lb.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  1,500  lb.  per  lineal  foot  for  spans  of 
200  ft.  and  over,  and  proportionately  tor  intermediate  spans. 


TABLE  I. 
LrvB  Loads  for  the  Trusses 


Span  in  Feet. 


ClaseA. 


I1 


Class  B. 


1^" 


ClaasC 


CluaDi. 


OutDi. 


^ll 


Up  to 

30 

80 

160 

200 

and  over 


1,800 
1,800 
1,440 

1,200 


125 

10s 

88 

80 


1,800 
1,800 
1,440 

1,200 


I2S 

68 
60 


1,800 
1,200 
1,080 

1,000 


60 


I2S 

68 
60 


100 

SO 


Loads  for  intermediate  spans  to  be  proportional. 


30.  Wind  Loads. — ^The  lateral  bracing  in  the  unloaded  chords  of  truss  bridges  shall  be  designed 
for  a  lateral  wind  load  of  1 50  lb.  per  lineal  foot  of  bridge,  considered  as  a  moving  load.  The  lateral 
bradne  in  the  loaded  chords  of  truss  brid^^es  shall  be  designed  for  a  lateral  wind  load  of  300  lb.  per 
lineal  foot  of  bridge,  considered  as  a  movmg  load.  For  spans  over  300  ft.  each  of  the  above  load- 
ings shall  be  increased  10  lb.  for  each  20  ft.  increase  in  span.  In  highway  bridges  not  carrying 
electric  cars  the  end-posts  of  through  and  deck  bridges  and  the  intermediate  posts  of  through 
bridges  shall  be  designed  for  a  combination  (i)  of  the  dead  load  stresses  and  the  total  live  load 
stresses;  or  (2)  of  the  dead  load  stresses,  the  live  load  stresses,  the  impact  and  centrifugal  stresses, 
and  one-half  the  total  wind  load  stresses.  In  low  truss  bridges  and  plate  girders  not  carrying 
electric  cars  the  wind  load  on  the  unloaded  chord  may  be  omitted  and  the  lateral  bracing  be  de- 
signed for  a  lateral  wind  load  of  300  lb.  per  lineal  foot  treated  as  a  moving  load.  In  bridges  uith 
sway  bracing  one-half  of  the  wind  load  may  be  assumed  to  pass  to  the  lower  chord  through  the 
sway  bracing. 

End-posts  of  riveted  through  trusses  with  end  floorbeams  riveted  rigidly  at  ends,  shall  be 
assumed  as  fixed  at  lower  end. 

31.  In  trestle  towers  the  bracing  and  columns  shall  be  designed  to  resist  the  following  lateral 
forces,  in  addition  to  the  stresses  due  to  dead  and  live  loads:  The  trusses  loaded  or  unloaded,  the 
lateral  pressures  specified  above;  and  a  lateral  pressure  of  100  lb.  for  each  vertical  lineal  foot  of 
trestle  bent. 

32.  Temperature. — ^Stresses  due  to  a  variation  in  temperature  of  150  degrees  shall  be  pro- 
vided for  (§81). 

^3.  Centrifngal  Force  of  Train. — ^Structures  located  on  curves  shall  be  desinied  ior  the 
centrifugal  force  of  the  live  load  acting  at  the  top  of  the  rail.  The  centrifugal  force  shall  be  caku- 
lated  by  the  following  formula:  C  ■«  0.03  W'D;  where  C  —  centrifugal  force  in  lb.;  PF  «  weight 
of  train  in  lb. ;  and  D  «  degree  of  curvature. 

34.  Longitudinal  Forces. — ^The  stresses  produced  in  the  bracing  of  the  trestle  towers,  in  anv 
members  of  the  trusses,  or  in  the  attachments  of  the  girders  or  trusses  to  their  bearings,  by  sua- 
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denly  stopping  the  maximum  electric  car  trains  on  any  part  of  the  work  must  be  provided  for; 
the  coefficient  of  friction  of  the  wheels  on  the  rails  being  assumed  as  0.20. 

35.  All  parts  shall  be  so  designed  that  the  stresses  coming  upon  them  can  be  accurately 
calculated. 

PART  III.    UNIT  STRESSES  AND  PROPORTION  OF  PARTS. 

36.  Unit  Stresses. — ^All  parts  of  the  structure  shall  be  proportioned  so  that  the  sum  of  the 
maximum  stresses  shall  not  exceed  the  following  amounts  in  lb.  per  sq.  in.,  except  as  modified  by 
§  45  and  i  48. 

In^Mict. — ^The  dynamic  increment  of  the  live  load  stress  shall  be  added  to  the  maximum  live 
load  stresses  as  follows: 

For  the  floor  and  its  supports  including  floor  slabs,  floor  joist,  floorbeams  and  hangers,  30 
per  cent. 

For  all  truss  members  other  than  the  floor  and  its  supports,  the  impact  increment  shall  be 
/  —  ioo/(L  +  300),  where  L  «  length  of  span  for  simple  highway  spans  (tor  trestle  bents,  towers, 
movable  bridges,  arch  and  cantilever  bridges,  and  for  bridges  carrying  electric  trains,  L  shall  be 
taken  as  the  loaded  length  of  the  bridge  in  feet  producing  maximum  stress  in  the  member). 

Impact  shall  not  be  added  to  the  stresses  produced  by  longitudinal,  centrifugal  and  lateral  or 
wind  forces. 

37.  Tension. — Axial  tension  on  net  section 16,000 

The  lengths  of  riveted  tension  members  in  horizontal  or  inclined  positions  shall  not  exceed 

200  times  their  radius  of  gyration  about  the  horizontal  axis.     The  horizontal  projection  of  the 
unsupported  portion  of  the  member  is  to  be  considered  as  the  effective  length. 

38.  Compression. — ^Axial  compression  on  gross  section ,  16,000  —  70'//r 

with  a  maximum  ol  14,000  lb.;  where  'T'  is  the  length  of  member  in  inches  and  "r"  is  the  least 
radius  of  gyration  in  inches. 

No  compression  member,  however,  shall  have  a  length  exceeding  100  times  its  least  radius  of 
pyration  for  main  members  or  120  times  for  laterals  for  classes  A,  B,  C,  Ei,  Et,  and  Ei;  or  125  times 
Its  least  radius  of  gyration  for  main  members  or  150  times  for  laterals  for  classes  Di  and  Pf 

39.  Bending. — Bending:  on  extreme  fibers  of  rolled  shapes,  built  sections  and  girders; 

net  section 16,000 

on  cast  iron 3,000 

on  extreme  fibers  of  pins 24,000 

40.  Sheariiu;. — ^Shearing:  shop  driven  rivets  and  pins 12,000 

field  driven  rivets  and  turned  bolts 10,000 

plate  girder  webs;  gross  section 10,000 

cast  iron 1,500 

41.  Bearing. — Bearing;  shop  driven  rivets  and  pins 24,000 

field  driven  rivetsanci  turned  bolts 20,000 

cast  iron 12,000 

granite  masonry  and  Portland  cement  concrete 600 

sandstone  and  limestone 400 

expansion  rollers;  per  lineal  inch 6ood 

cast  iron  expansion  rockers;  per  lineal  inch 30orf 

where  '*rf"  is  the  diameter  of  the  roller  in  inches. 
Rivets  shall  not  be  used  in  direct  tension,  except  for  lateral  bracing  where  unavoidable;  in 
which  case  the  value  for  direct  tension  on  the  rivet  shall  be  taken  the  same  as  for  single  shear. 

42.  Alternate  Stresses. — Members  subject  to  alternate  stresses  of  tension  and  compression 
shall  be  proportioned  for  the  stresses  giving  the  largest  section.  If  the  alternate  stresses  occur 
in  succession  during  the  passage  of  one  train,  as  in  stifT  counters,  each  stress  shall  be  increased  by 
50  per  cent  of  the  smaller.  The  connections  shall  in  all  cases  be  proportioned  for  the  sum  of  the 
stresses. 

43.  An^es  in  Tension. — ^When  single-angle  members  subject  to  direct  tension  are  fastened  by 
one  1^,  only  seventy-five  per  cent  of  the  net  area  shall  be  considered  effective.  Angles  with  lug 
angle  connections  shall  not  be  considered  as  fastened  by  both  legs. 

44.  Wet  Section. — In  members  subject  to  tensile  stresses  full  allowance  shall  be  made  for 
reduction  of  section  by  rivet-holes,  screw-threads,  etc.  In  calculating  net  area  the  rivet-holea 
shall  be  taken  as  having  a  diameter  J  in.  greater  than  the  normal  size  of  rivet. 

The  net  sectbn  of  riveted  members  shall  be  the  least  area  which  can  be  obtained  by  deducting 
from  the  gross  sectional  area  the  areas  of  holes  cut  by  any  plane  perpendicular  to  the  axis  of  the 
member  and  parts  of  the  areas  of  other  holes  on  one  side  of  tne  plane,  within  a  distance  of  4  inches, 
and  which  are  on  other  gage  lines  than  those  of  the  holes  cut  by  the  plane,  the  parts  being  deter- 
mined by  the  formula: 
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in  which  A  ^  the  area  of  the  hole,  and 

p  s  the  distance  in  inches  of  the  center  of  the  hole  from  the  plane. 

i^5.  Long  Span  Bridges. — For  long  span  bridges,  where  the  ratio  of  the  length  to  width  of 
span  18  such  that  it  makes  the  top  chords  acting  as  a  whole,  a  longer  column  than  the  segments  of 
the  chords,  the  chord  shall  be  proportioned  for  the  greater  length. 

46.  Wind  Stresses. — ^The  stresses  in  truss  members  or  trestle  posts  from  assumed  wind  forces 
need  not  be  considered  except  as  follows: 

1.  When  the  direct  wind  stresses  per  square  inch  in  any  member  exceed  2^  per  cent  of  the 
stresses  due  to  dead  and  live  loads  in  the  same  member.  The  section  shall  then  be  increased 
until  the  total  unit  stress  shall  not  exceed  by  more  than  25  per  cent  the  maximum  allowable 
stress  for  dead  and  live  loads. 

2.  When  the  wind  stress  alone  or  in  combination  with  a  possible  temperature  stress  can 
neutralize  or  reverse  the  stresses  in  the  member. 

When  both  direct  and  flexural  stresses  due  to  wind  are  considered  50  per  cent  may  be  added 
to  allowable  stresses  for  dead  and  live  loads,  provided  the  area  thus  obtained  is  not  less  than  re- 
quired for  dead  and  live  loads  alone,  or  for  dead,  live  and  direct  wind  loads  designed  as  in  i  46. 

47.  Combined  Stresses. — Members  subjected  to  direct  and  bending  stresses  shall  be  designed 
so  that  the  greatest  fiber  stress  shall  not  exceed  the  allowable  unit  stress  on  the  member. 

48.  Stress  Due  to  Weight  and  Eccentric  Loading. — If  the  fiber  stress  due  to  weight  and 
eccentric  loading  on  any  member  exceeds  10  per  cent  of  the  allowable  unit  stress  on  the  member, 
such  excess  must  be  considered  in  proportionmg  the  member.     See  §  46. 

49.  Counters. — Counters  in  bridges  carrying  electric  cars  shall  be  designed  so  that  an  increase 
of  the  live  load  of  25  per  cent  will  not  increase  the  stress  in  the  counters  more  than  25  per  cent. 

^o.  Design  of  Plate  Girders. — Plate  girders  shall  be  proportioned  either  by  the  moment  of 
inertia  of  their  net  section;  or  by  assuming  that  the  flanges  are  concentrated  at  their  centers  of 
gravity,  in  which  case  one-eighth  of  the  gross  section  of  the  web,  if  properly  spliced,  may  be  used 
as  flange  section.  The  thickness  of  web  plates  shall  be  not  less  than  -fg  in.,  nor  less  than  1/160  of 
the  unsupported  distance  between  flange  angles. 

Compression  Flanges. — In  beams  and  plate  girders  the  compression  flanges  shall  have  the 
same  gross  section  as  the  tension  flanges.  Through  plate  girders  shall  have  their  top  flanp^es 
stayed  at  each  end  of  every  floorbeam,  or  in  case  of  soli<f  floors,  at  distances  not  exceedmg 
12  ft.,  by  knee  braces  or  gusset  plates.  The  stress  per  sq.  in.  in  compression  flange  of  any  beam  or 
girder  shall  not  exceed  16,000  —  150  //&,  where  /  =  unsupported  distance  and  b  —  width  of  flange. 

51.  Web  Stiff eners. — ^There  shall  be  web  stiffeners,  generally  in  pairs,  over  bearings,  at  points 
of  concentrated  loading,  and  at  other  points  where  the  thickness  of  the  web  is  less  than  ^  of  the 
unsupported  dbtance  between  flange  angles.  The  distance  between  stiffeners  shall  not  exceed 
that  given  by  the  following  formula,  with  a  maximum  limit  of  six  feet  (and  not  greater  than  the 
'Clear  depth  of  the  web):  d^  t  (12,000  —  5)/40. 

Where  (f  =  cleardistance,  between  stiffeners  of  flange  angles;  /  =  thickness  of  web;  s  «  shear 
:in  ft),  per  sq.  in. 

The  stiffeners  at  ends  and  at  points  of  concentrated  loads  shall  be  proportioned  by  the  formula 
'of  paragraph  38,  the  effective  length  being  assumed  as  one-half  the  depth  of  girders.  End  stiffeners 
and  those  under  concentrated  loads  shall  be  on  fillers  and  have  their  outstanding  legs  as  wide  as 
the  flange  andes  will  allow  and  shall  fit  tightly  against  them.  Intermediate  stiffeners  may  be 
offset  or  on  fillers,  and  their  outstanding  legs  shall  be  not  less  than  one-thirtieth  of  the  depth  of 
girder,  plus  2  in. 

52.  Flange  Rivets. — ^The  flanges  of  plate  girders  shall  be  connected  to  the  web  with  a  suflficient 
number  of  rivets  to  transfer  the  total  shear  at  any  point  in  a  distance  equal  to  the  effective  depth 
of  the  girder  at  that  point  combined  with  any  load  that  is  applied  directly  on  the  flanfi;e.  The 
wheel  loads,  where  the  ties  rest  on  the  flanges,  shall  be  assumed  to  be  distributed  over  three  ties. 

53.  Depth  Ratios. — ^Trusses  shall  preferably  have  a  depth  of  not  less  than  one-tenth  of  the 
span.  Plate  girders  and  rolled  beams,  used  as  girders,  shall  preferably  have  a  depth  of  not  less 
than  one-twelfth  of  the  span.  If  shallower  trusses,  girders  or  beams  are  used,  the  section  shall  be 
increased  so  that  the  maximum  deflection  will  not  be  greater  than  if  the  above  limiting  ratios  had 
not  been  exceeded.     For  steel  joists  and  track  stringers,  see  §  19. 

54.  Low  Trusses. — Riveted  low  trusses  shall  have  top  chords  composed  of  a  double  web  mem- 
ber with  cover  plate.  The  top  chords  shall  be  stayed  against  lateral  bending  by  means  of  brackets 
or  knee  braces  rigidly  connected  to  the  floorbeam  at  intervals  not  greater  than  twelve  times  the 
width  of  the  cover  plate.  The  posts  shall  be  solid  web  members.  The  floorbeams  shall  be  riveted, 
preferably  above  tne  lower  chord.     Pin-connected  low  truss  bridges  shall  not  be  used. 
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55.  RoQed  Beams. — Rolled  beams  shall  be  designed  by  using  their  moments  of  inertia.  The 
webs  of  roUed  beapms  and  plate  girders  shall  be  assumed  to  take  all  the  shear. 

PART  IV.    DETAILS  OF  DESIGN 
General  Requirements. 

^6.  Open  Sections.— Structures  shall  be  so  designed  that  all  parts  will  be  accessible  for  in- 
spection, cleaning  and  painting. 

57.  Water  Pockets. — Pockets  or  depressions  which  would  hold  water  shall  have  drain  holes, 
or  be  filled  with  waterproof  material. 

58.  Symmetrical  Sections. — Main  members  shall.be  so  designed  that  the  neutral  axis  will  be 
as  nearly  as  practicable  in  the  center  of  section,  and  the  neutral  axes  of  intersecting  main  members 
of  trusses  shall  meet  at  a  common  point. 

59.  Counters. — Rigid  counters  are  preferred;  and  where  subject  to  reversal  of  stress  shall 
have  riveted  connections  to  the  chords.    Adj  ustable  counters  shall  have  open  turn-buckles. 

60.  Strength  of  Connections. — ^The  strength  of  connections  shall  be  sufficient  to  develop  the 
full  strength  of  the  member,  even  though  the  computed  stress  is  less,  the  kind  of  stress  to  whidh 
the  member  is  subjected  being  considered. 

61.  Minimum  Thickness. — ^The  minimum  thickness  of  metal  shall  be  A  in.  in  classes  A,  B, 
C,  £1,  Et  and  Es,  except  for  fillers;  and  i  in.  in  classes  Di  and  D2,  except  tor  fillers  and  webs  of 
channels.  Webs  of  channels  for  classes  Di  and  Dt  may  have  a  minimum  thickness  of  0.20  in. 
The  minimum  angle  shall  be  2  in.  X  2  in.  X  i  in.  The  minimum  rod  shall  have  an  area  of  at 
least  I  sq.  in.,  in  all  classes  except  Di  and  Dt,  which  shall  have  no  rods  less  than  }  in.  in  diameter. 
Webs  of  plate  girders  shall  not  be  less  than  -fg  in. 

62.  Pitch  of  Rivets. — The  minimum  distance  between  centers  of  rivet  holes  shall  be  three 
diameters  of  the  rivet;  but  the  distance  shall  preferably  be  not  less  than  3  in.  for  t-in.  rivets, 
2i  in.  for  }-in  rivets,  and  2  in.  for  f-in.  rivets.  The  maximum  pitch  in  the  line  of  stress  for 
members  composed  of  plates  and  shapes  shall  be  16  times  the  thickness  of  the  thinnest  outside 
plate  or  6  in.  For  angles  with  two  gage  lines  and  rivets  staggered,  the  maximum  shall  be  twice 
the  above  in  each  line.  Where  two  or  more  plates  are  used  in  contact,  rivets  not  more  than  12  in. 
apart  in  either  direction  shall  be  used  to  hold  the  plates  well  together.  In  tension  memb^  com- 
posed of  two  angles  in  contact,  a  pitch  of  12  in.  will  be  allowed  for  riveting  the  angles  together. 

61.  Edge  Distance. — The  minimum  distance  from  the  center  of  any  rivet  hole  to  a  sheared 
edge  shall  be  i§  in.  for  J-in.  rivets,  li  in.  for  J-in.  rivets,  and  ij  in.  for  f-in.  rivets,  and  to  a  rolled 
edge  li,  li  and  i  in.,  respectively.  The  maximum  distance  from  any  edge  shall  be  eight  times 
the  thickness  of  the  plate,  but  shall  not  exceed  6  in. 

64.  Maximum  Diameter. — ^The  diameter  of  the  rivets  in  any  angle  carrying  calculated  stress 
shall  not  exceed  one-quarter  the  width  of  the  leg  in  which  they  are  driven.  In  minor  parts  f-in. 
rivets  may  be  used  in  3-in.  angles,  f-in.  rivets  in  2j-in.  angles,  and  f-in.  rivets  in  2-in.  angles. 

65.  Long  Rivets. — Rivets  carrying  calculated  stress  and  whose  grip  exceeds  four  diameters 
shall  be  increased  in  number  at  least  one  per  cent  for  each  additional  A-in.  of  grip. 

66.  Pitch  at  Ends. — ^The  pitch  of  rivets  at  the  ends  of  built  compression  members  shall  not 
exceed  four  diameters  of  the  rivets,  for  a  length  equal  to  one  and  one-half  times  the  maximum 
width  of  member. 

67.  Com^ession  Members. — In  compression  members  the  metal  shall  be  concentrated  as 
much  as  possible  in  webs  and  flanges.  The  thickness  of  each  web  shall  be  not  less  than  one- 
thirtieth  of  the  distance  between  its  connections  to  the  flanges.  Cover  plates  shall  have  a  thickness 
not  less  than  one-fortieth  of  the  distance  between  rivet  lines. 

68.  Minimum  Angles. — Flanges  of  girders  and  built  members  without  cover  plates  shall 
have  a  minimum  thickness  of  one-twelfth  of  the  width  of  the  outstanding  leg. 

69.  Batten  Plates.-^The  open  sides  of  all  compression  members  shall  be  stayed  by  batten 
plates  at  the  ends  and  diagonal  lattice-work  at  intermediate  points.  The  batten  plates  must  be 
placed  as  near  the  ends  as  practicable,  and  shall  have  a  lengtn  not  less  than  the  greatest  width  of 
the  member  or  if  times  its  least  width. 

70.  Lacing  Bars. — ^The  lacing  of  compression  members  shall  be  proportioned  to  resist  a  shear- 
ing stress  of  2f  per  cent  of  the  direct  stress.  The  minimum  width  of  lacing  bars  shall  be  if  in. 
for  members  6  in.  in  width,  2  in.  for  members  9  in.  iii  width,  2i  in.  for  members  12*  in.  in  width, 
2i  in.  for  members  15  in.  in  width,  nor  3  in.  for  members  18  in.  and  over  in  width.  Single  lacing 
bars  shall  have  a  thickness  not  less  than  one-fortieth,  or  double  lacing  bars  connected  by  a  rivet 
at  the  intersection,  not  less  than  one-sixtieth  of  the  distance  between  the  rivets  connectmg  them 
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to  the  members.    They  shall  be  inclined  at  an  angle  not  less  than  60^  to  the  axis  of  the  member  for 
single  lacing,  nor  less  than  45''  for  double  lacing  with  riveted  intersections. 

71.  Spacing  of  Lacing  Bars. — Lacing  bars  shall  be  so  spaced  that  the  portion  of  the  flange 
included  between  their  connection  shall  be  as  strong  as  the  member  as  a  whole.  The  pitch  of 
the  lacing  bars  must  not  exceed  the  width  of  the  channel  plus  nine  inches. 

72.  Rivets  in  Flanges. — Five-^ighths-inch  rivets  shall  be  used  for  lacing  flanges  less  than 
2i  in.  wide;  J-in.  for  flanges  from  2}  to  ^i  in.  wide;  {-in.  rivets  shall  be  used  in  flanges  3}  in.  and 
over.    Lacing  bars  with  two  rivets  shall  be  used  for  flanges  over  5  in.  wide. 

73.  Splices. — In  compression  members  joints  with  abutting  faces  planed  shall  be  placed  as 
near  the  panel  points  as  possible,  and  must  be  spliced  on  all  sides  with  at  least  two  rows  of  rivets 
on  each  side  of  the  joint.  Joints  with  abutting  faces  not  planed  shall  be  fully  spliced.  Joints  in 
tension  members  shall  be  fully  spliced. 

74.  Bin  Plates. — Where  necessary,  pin-holes  shall  be  reinforced  by  plates,  some  of  which 
must  be  of  the  full  width  of  the  member,  so  the  allowed  pressure  on  the  pms  shall  not  be  exceeded, 
and  so  the  stresses  shall  be  properly  distributed  over  the  full  cross-section  of  the  members.  These 
reinforcing  plates  must  contain  enough  rivets  to  transfer  their  proportion  of  the  bearine  pressure, 
and  at  least  one  plate  on  each  side  shall  extend  not  less  than  6  in.  beyond  the  edge  of  tne  nearest 
batten  plate. 

75.  Riveted  Tension  Members. — Riveted  tension  members  shall  have  an  effective  section 
through  the  pin-holes  2^  per  cent  in  excess  of  the  net  section  of  the  member,  and  back  of  the  pin 
at  least  75  per  cent  of  the  net  section  through  the  pin-hole. 

76.  Pins. — Pins  shall  be  long  enough  to  insure  a  full  bearing  of  all  the  parts  connected  upon 
the  turned  body  of  the  pin.  The  diameter  of  the  pin  shall  not  be  less  than  }  of  the  depth  of  anv 
eye-bar  attached  to  it.  They  shall  be  secured  by  chambered  Lomas  nuts  or  be  provided  with 
washers  if  solid  nuts  are  used.  The  screw  ends  shall  be  long  enough  to  admit  of  burring  the 
threads. 

77.  Filling  Rings. — Members  packed  on  pins  shall  be  held  against  lateral  movement. 

78.  Bolts. — Where  members  are  connected  by  bolts,  the  turned  body  of  these  bolts  shall  be 
long  enough  to  extend  through  the  metal.  A  washer  at  least  i  in.  thick  shall  be  used  under  the 
nut.  Bolts  shall  not  be  used  m  place  of  rivets  except  by  special  permission.  Heads  and  nuts  shaU 
be  hexagonal. 

79.  Indirect  Splices. — ^Where  splice  plates  are  not  in  direct  contact  with  the  parts  which 
they  connect,  rivets  shall  be  used  on  each  side  of  the  joint  in  excess  of  the  number  theoretically 
required  to  the  extent  of  one-third  of  the  number  for  each  intervening  plate. 

80.  Fillers. — Rivets  carrying  stress  and  passing  through  fillers  shall  be  increased  50  per  cent 
in  number;  and  the  excess  rivets,  when  possible,  shall  be  outside  of  the  connected  member. 

81.  Expansion. — Provision  for  expansion  to  the  extent  of  }  in.  for  each  10  ft.  shall  be  made 
for  all  bridge  structures.  Efficient  means  shall  be  provided  to  prevent  excessive  motion  at  any 
one  point  (§32). 

82.  Expansion  Bearines. — ^Spans  of  60  ft.  and  over  resting  on  masonry  shall  have  turned 
rollers  or  rockers  at  one  ena;  and  those  of  less  length  shall  be  arranged  to  sliae  on  smooth  metal 
surfaces. 

83.  Fixed  Bearings. — Movable  bearings  shall  be  designed  to  permit  motion  in  one  direction 
only.     Fixed  bearings  shall  be  firmly  anchored  to  the  masonry  (§  87). 

84.  Rollers. — Expansion  rollers  shall  be  not  less  than  3  in.  in  diameter  for  spans  of  100  feet 
or  less,  and  shall  be  increased  i  in.  for  each  100  ft.  additional.  They  shall  be  coupled  together 
with  substantial  side  bars,  which  shall  be  so  arranged  that  the  rollers  can  be  readily  cleaned. 

85.  Bolsters. — Bolsters  or  shoes  shall  be  so  constructed  that  the  load  will  be  distributed  over 
the  entire  bearing. 

86.  Pedestals  and  Bed  Plates. — Built  pedestals  shall  be  made  of  plates  and  angles.  All 
bearing  surfaces  of  the  base  plates  and  vertical  webs  must  be  planed.  Th^  vertical  webs  must  be 
secured  to  the  base  by  angles  having  two  rows  of  rivets  in  the  vertical  legs.  No  base  plate  or  web 
connecting  angle  shall  be  less  in  thickness  than  |  in.  The  vertical  webs  shall  be  of  sufficient  height 
and  must  contain  material  and  rivets  enough  to  practically  distribute  the  loads  over  the  bearings 
or  rollers. 

Where  the  size  of  the  pedestal  permits,  the  vertical  webs  must  be  rigidly  connected  trans- 
versely. 

The  details  of  cast  iron  or  cast  steel  shoes  shall  be  subject  to  the  special  approval  of  the  en- 
gineer. The  vertical  webs  of  cast  iron  rockers  and  pedestals  shall  be  designed  for  an  allowable 
unit  stress  of  9,000  —  4o//r,  where  h  -  height  and  r  -  radius  of  gyration  of  vertical  web,  both 
in  inches. 
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87.  All  the  bed-plates  and  bearings  under  fixed  and  movable  ends  must  be  fox-bolted  to  the 
masonry;  for  trusses,  these  bolts  must  not  be  less  than  1}  in.  diameter;  for  plate  and  other  girders, 
not  less  than  {  in.  diameter. 

88.  Wall  Plates. — ^Wall  plates  may  be  cast  or  built  up;  and  shall  be  so  designed  as  to  distrib- 
ute the  load  uniformly  over  the  entire  bearing.    They  shall  be  secured  against  displacement. 

89.  Anchorage. — ^Anchor  bolts  for  viaduct  towers  and  similar  structures  shall  be  long  enough 
to  engage  a  mass  of  masonry  the  weight  of  which  is  at  least  one  and  one-half  times  the  uplSt  (§11). 

90.  Inclined  Bearings. — Bridges  on  an  inclined  grade  without  pin  shoes  shall  have  the  sole 
plates  beveled  so  that  the  masonry  and  expansion  suriaces  may  be  level. 

91.  Camber. — ^Truss  spans  shall  be  given  a  camber  by  making  the  panel  length  of  the  top 
chords,  or  their  horizontal  projections,  longer  than  the  corresponding  panels  of  the  bottom  chord 
in  the  proportion  of  A  in.  m  10  ft.     Plate  girder  spans  need  not  be  cambered. 

92.  ^e-bars. — ^The  eye-bars  composing  a  member  shall  be  so  arranged  that  adjacent  bars 
shall  not  have  their  surfaces  in  contact;  they  shall  be  as  nearly  paiallel  to  the  axis  of  the  truss  as 
possible,  the  maximum  inclination  of  any  bar  being  limited  to  one  inch  in  16  ft. 

PART  V.    MATERIALS  AND  WORKMANSHIP. 
Material. 

93.  Process  of  Manufacture. — ^Steel  shall  be  made  by  the  open-hearth  process  and  shall 
comply  with  the  standard  specifications  for  structural  steel  for  bridges  adopted  by  the  American 
Society  for  Testing  Materials. 

(Sections  94  to  117  inclusive  cover  the  American  Society  for  Testing  Materials  Specifications 
for  Steel  for  Bridges,  see  Ketchum*s  Structural  Engineer's  Handbook). 

118.  Timber. — ^The  timber  shall  be  strictly  first-class  spruce,  white  oine,  Douglas  fir.  Southern 
yellow  pine,  or  white  oak  bridge  timber;  sawed  true  and  out  of  wind,  full  size,  free  from  wind 
shakes,  large  or  loose  knots,  decayed  or  sapwood,  wormholes  or  other  defects  impairing  its  strength 
or  durability. 

Workmanship. 

119.  GeneraL — ^AU  parts  forming  a  structure  shall  be  built  in  accordance  with  approved 
drawings.    The  workmanship  and  finish  shall  be  equal  to  the  best  practice  in  modem  bridge  works. 

120.  Straightening  Material. — Material  shall  be  thoroughly  straightened  in  the  shop,  by 
methods  that  will  not  mjure  it,  before  being  laid  off  or  worked  in  any  way. 

121.  Finish. — ^Shearinp;  shall  be  neatly  and  accurately  done  and  all  portions  of  the  work 
exposed  to  view  neatly  finished. 

122.  Size  of  Rivets. — The  size  of  rivets,  called  for  on  the  plans,  shall  be  understood  to  mean 
the  actual  size  of  the  cold  rivet  before  heating. 

123.  Rivet  Holes. — ^When  general  reaming  is  not  required  the  diameter  of  the  punch  shall 
not  be  more  than  -fg  in.  greater  than  the  diameter  of  the  rivet;  nor  the  diameter  of  the  die  more 
than  i  in.  greater  than  the  diameter  of  the  punch.  Material  more  than  f  in.  thick  shall  be  sub- 
punched  and  ream^  or  drilled  from  the  solid. 

124.  Punching. — ^AU  punching  shall  be  accurately  done.  Drifting  to  enlarge  unfair  holes 
will  not  be  allowed.  If  tne  holes  must  be  enlarged  to  admit  the  rivet,  they  shall  be  reamed. 
Poor  matching  of  holes  will  be  cause  for  rejection. 

125.  Sub-punching  and  Reaming. — Where  reaming  is  required,  the  punch  used  shall  have  a 
diameter  not  less  than  A  in.  smaller  than  the  nominal  diameter  of  the  rivet.  Holes  shall  then  be 
reamed  to  a  diameter  not  more  than  -f^  in.  larger  than  the  nominal  diameter  of  the  rivet.  All 
reaming  shall  be  done  with  twist  drills.     (§  140). 

126.  Reaming  After  Assembling. — ^When  general  reaming  is  required  it  shall  be  done  after 
the  pieces  forming  one  built  member  are  assembled  and  firmly  bolted  together.  If  necessary  to 
take  the  pieces  apart  for  shipping  and  handling,  the  respective  pieces  reamed  together  shall  be 
so  marked  that  they  may  be  reassembled  in  the  same  position  in  the  final  setting  up.  No  inter- 
change of  reamed  parts  will  be  allowed. 

127.  Edge  Planing. — Sheared  edges  or  ends  shall,  when  required,  be  planed  at  least  }  in. 

128.  Burrs. — ^The  outside  burrs  on  reamed  holes  shall  be  removed. 

129.  Assembling. — Riveted  members  shall  have  all  parts  well  pinned  up  and  firmly  drawn 
together  with  bolts,  before  riveting  is  commenced.     Contact  surfaces  to  be  painted. 

130.  Ladng  Bars. — Lacing  bars  shall  have  neatly  rounded  ends,  unless  otherwise  called  for. 

131.  Web  Stiffeners.— Stiffeners  shall  fit  neatly  between  flanges  of  girders.  Where  tight 
fits  are  called  for,  the  ends  of  the  stiffeners  shall  be  faced  and  shall  be  brought  to  a  true  contact 
bearing  with  the  flange  angles. 


Digitized  by 


Google 


474  STEEL  HIGHWAY  BRIDGES. 

it2.  Splice  Plates  and  Fillers. — Web  splice  plates  and  fillers  under  stiffeners  shall  be  cut  to 
fit  witnin  i  in.  of  flange  angles. 

133-  Wc^  Plates. — ^Web  plates  of  girders,  which  have  no  cover  plates,  shall  be  flush  with 
the  backs  of  angles  or  i>roject  above  the  same  not  more  than  i  in.,  unless  otherwise  called  for. 
When  web  plates  are  spliced,  not  more  than  }  in.  clearance  between  ends  of  plates  will  be  allowed. 

134.  Connectioii  An^es. — Connection  angles  for  floorbeams  and  stringers  shall  be  flush 
with  each  other  and  correct  as  to  ix)sition  and  length  of  girder.  In  case  milling  (of  ail  such  aneles) 
is  needed  or  is  required  after  riveting,  the  removed  of  more  than  ^  in.  from  their  thickness  wUl  be 
cause  for  rejection. 

135.  Rivets. — Rivets  shall  be  driven  by  pressure  tools  wherever  possible.  Pneumatic 
hammers  shall  be  used  in  preference  to  hand  driving. 

136.  Riveting. — Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape,  full  and 
of  equal  size.  They  shall  be  central  on  shank  and  grip  the  assembled  pieces  firmly.  Recuppine 
and  calking  will  not  be  allowed.  Loose,  burned  or  otherwise  defective  rivets  shall  be  cut  out  and 
replaced.  In  cutting  out  rivets,  great  care  shall  be  taken  not  to  injure  the  adjacent  metal.  If 
necessary,  they  shall  be  drilled  out. 

137.  Turned  Bolts. — ^Wherever  bolts  are  used  in  place  of  rivets  which  transmit  shear,  the 
holes  shall  be  reamed  parallel  and  the  bolts  turned  to  a  driving  fit.  A  washer  not  less  than  i  in. 
thick  shall  be  used  under  nut. 

138.  Members  to  be  Straight — ^The  several  pieces  forming  one  built  member  shall  be  straight 
and  fit  closely  together,  and  finished  members  shall  be  free  from  twists,  bends  or  open  joints. 

139.  Finish  of  Joints. — ^Abutting  joints  shall  be  cut  or  dressed  true  and  straight  and  fitted 
close  together,  especially  where  open  to  view.  In  compression  joints,  depending  on  contact 
bearing,  the  surfaces  shall  be  truly  faced,  so  as  to  have  even  bearings  after  they  are  riveted  up 
complete  and  when  perfectly  aligned. 

140.  Field  Connections. — Holes  for  floorbeam  and  stringer  connections  shall  be  sub-punched 
and  reamed  according  to  paragraph  125,  to  a  steel  templet  one  inch  thick.  (If  required,  all 
other  field  connections,  except  those  for  laterals  and  sway  bracing,  shall  be  assembled  in  the  shop 
and  the  unfair  holes  reamed;  and  when  so  reamed,  the  pieces  shall  be  match-marked  before  being 
taken  apart.) 

141.  ]^e-bars. — Eye-bars  shall  be  straight  and  true  to  size,  and  shall  be  free  from  twists,  folds 
in  the  neck  or  head,  or  any  other  defect.  Heads  shall  be  made  by  upsetting,  rolling  or  forging. 
Welding  will  not  be  allowed.  The  form  of  heads  will  be  determinecl  by  the  dies  in  use  at  the 
works  where  the  eye-bars  are  made,  if  satisfactory  to  the  engineer,  but  the  manufacturer  shall 
guarantee  the  bars  to  break  in  the  body  when  tested  to  rupture.  The  thickness  of  head  and 
neck  shall  not  vary  more  than  -f^  in.  from  that  specified. 

142.  Boring  Eye-bars. — Before  boring,  each  eye-bar  shall  be  properly  annealed  and  care- 
fully straightened.  Pin-holes  shall  be  in  tne  center  line  of  bars  and  m  the  center  of  heads.  Bars 
of  the  same  length  shall  be  bored  so  accurately  that,  when  placed  together,  pins  ^  in.  smaller  in 
diameter  than  the  pin-holes  can  be  passed  through  the  holes  at  both  ends  of  the  bars  at  the  same 
time  without  forcing. 

143.  Pin-Holes. — Pin-holes  shall  be  bored  true  to  gages,  smooth  and  straight;  at  right  angles 
to  the  axis  of  the  member  and  parallel  to  each  other,  unless  otherwise  called  for.  The  boring  shall 
be  done  after  the  member  is  riveted  up. 

144.  Variation  in  Pin-Holes. — The  distance  center  to  center  of  pin-holes  shall  be  correct 
within  -ft  in.,  and  the  diameter  of  the  holes  not  more  than  ^  in.  larger  than  that  of  the  pin,  for 
pins  up  to  5-in.  diameter,  and  ^  in.  for  larger  pins. 

145.  Pins  and  Rollers. — Pins  and  rollers  shall  be  accurately  turned  to  gages  and  shall  be 
straight  and  smooth  and  entirely  free  from  flaws. 

146.  Screw  Threads. — ^Screw  threads  shall  make  tight  fits  in  the  nuts  and  shall  be  U.  S. 
standard,  except  above  the  diameter  of  1}  in.,  when  they  shall  be  made  with  six  threads  per  inch. 

147.  Annealing. — ^Steel,  except  in  minor  details,  which  has  been  partially  heated,  shall  be 
properly  annealed. 

148.  Steel  Castings. — ^All  steel  castings  shall  be  annealed. 

149.  Welds. — ^Welds  in  steel  will  not  be  allowed  except  to  remedy  minor  defects  in  steel 
castings. 

150.  Bed  Plates. — Expansion  bed  plates  shall  be  planed  true  and  smooth.  Cast  wall  plates 
shall  be  planed  top  and  bottom.  The  cut  of  the  planing  tool  shall  correspond  with  the  direction 
of  expansion. 

151.  Pilot  Nuts. — Pilot  and  driving  nuts  shall  be  furnished  for  each  size  of  pin,  in  such 
numbers  as  may  be  ordered. 
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152.  Field  Rivets. — Field  rivets  shall  be  furnished  to  the  amount  of  15  per  cent  plus  ten 
rivets  in  excess  of  the  nominal  number  required  for  each  size. 

153.  Shipping  Details. — Pins,  nuts,  bolts,  rivets  and  other  small  details  shall  be  boxed  or 
crated. 

154.  Wei£^t. — ^The  weight  of  every  piece  and  box  shall  be  marked  on  it  in  plain  figures. 

155.  Weight  Paid  For. — ^The  payment  for  pound  price  contracts  shall  be  based  on  scale 
weights  of  the  metal  in  the  fabricatecf  structure,  including  field  rivets  15  per  cent  plus  10  rivets 
in  excess  of  the  number  nominally  required.  The  weight  of  the  shop  coat  of  paint,  field  paint, 
cement,  fitting  up  bolts,  pilot  nuts,  driving  caps,  boxes  and  barrels  used  for  packing,  and  material 
used  in  supporting  members  on  cars  shall  be  excluded.  If  the  scale  weight  is  more  than  2}  per 
cent  under  the  computed  weight  it  may  be  cause  for  rejection.  The  greatest  allowable  variation 
of  the  total  scale  weight  of  any  structure  from  the  weights  comput^  from  the  approved  shop 
drawings  shall  be  li  per  cent.  Any  weight  in  excess  of  ij  per.  cent  above  the  computed  weieht 
shall  not  be  paid  for.  The  weights  of  rolled  shapes  and  plates  up  to  and  including  36  in.  in  width 
shall  be  computed  on  the  basis  of  their  normal  weights  and  dimensions,  as  shown  on  the  approved 
drawinp^s,  deducting  for  all  copes,  cuts  and  open  holes.  With  plates  more  than  36  in.  in  width, 
the  weights  are  to  be  calculated  in  the  same  manner  as  for  plates  36  in.  and  under,  except  that 
one-half  the  percentage  of  overrun  given  in  the  Standard  Specifications  for  Structural  Steel  for 
Bridges  of  the  American  Society  for  Testing  Materials  shall  be  added.  The  weight  of  heads  of 
shop  driven  rivets  shall  be  included  in  the  computed  weight.  The  weights  of  castings  shall  be 
computed  from  the  dimensions  shown  on  the  approved  drawings,  with  an  addition  of  10  per  cent 
for  fillets  and  overrun. 

SHOP  PAINTING. 

156.  Cleaning. — ^Steel  work,  before  leaving  the  shop,  shall  be  thoroughly  cleaned  and  given 
one  good  coating  of  pure  linseed  oil,  or  such  pamt  as  may  be  called  for,  well  worked  into  all  joints 
and  open  spaces. 

157.  Contact  Surfaces. — In  riveted  work,  the  surfaces  coming  in-contact  shall  each  be  painted 
before  being  riveted  together. 

158.  Inaccessible  Surfaces. — Pieces  and  parts  which  are  not  accessible  for  painting  after 
erection,  including  tops  of  stringers,  eye-bar  heads,  ends  of  posts  and  chords,  etc.,  shall  have  a 
good  coat  of  paint  before  leaving  the  shop. 

159.  Condition  of  Surfaces. — Painting  shall  be  done  only  when  the  surface  of  the  metal  is 
perfectly  dry.     It  shall  not  be  done  in  wet  or  freezing  weather,  unless  protected  under  cover. 

160.  Machine-finished  Surfaces. — Machine-finished  surfaces  shall  be  coated  with  white 
lead  and  tallow  before  shipment  or  before  being  put  out  into  the  open  air. 

INSPECTION  AND  TESTING  AT  THE  SHOP  AND  MILL. 

161.  Facilities  for  Shop  Inspection. — ^The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  workmanship  at  the  shop  where  material  is  manufactured. 
He  shall  furnish  a  suitable  testing  machine  for  testing  full-sized  members,  if  required. 

162.  Starting  Work  in  Shop. — ^The  purchaser  shall  be  notified  well  in  advance  of  the  start 
of  the  work  in  the  shop,  in  order  that  he  may  have  an  inspector  on  hand  to  inspect  material  and 
workmanship. 

163.  Copies  of  Mill  Orders. — ^The  purchaser  shall  be  furnished  complete  copies  of  mill  orders, 
and  no  material  shall  be  rolled,  nor  work  done,  before  the  purchaser  has  been  notified  where  the 
orders  have  been  placed,  so  that  he  may  arrange  for  the  inspection. 

164.  Facilities  for  Mill  Inspection. — ^The  manufacturer  shall  furnish  all  facilities  for  inspecting 
and  testing  the  weight  and  quality  of  all  material  at  the  mill  where  it  is  manufactured.  He  shaU 
furnish  a  suitable  testing  machine  for  testing  the  specimens,  as  well  as  prepare  the  pieces  for  the 
machine,  free  of  cost. 

165.  Access  to  Mills. — ^When  an  inspector  is  furnished  by  the  purchaser  to  inspect  material 
at  the  mills,  he  shall  have  full  access,  at  all  times,  to  all  parts  of  mills  where  material  to  be  inspected 
by  him  is  being  manufactured. 

166.  Access  to  Shop. — ^When  an  inspector  is  furnished  by  the  purchaser,  he  shall  have  full 
access,  at  all  times,  to  all  parts  of  the  shop  where  material  under  his  inspection  is  being  manu- 
factured. 

167.  Accepting  Material  or  Work. — The  inspector  shall  stamp  each  piece  accepted  with  a 
private  mark.  Any  piece  not  so  marked  may  be  rejected  at  any  time,  and  at  any  stage  of  the 
work.  If  the  inspector,  through  an  oversight  or  otherwise,  has  accepted  material  or  work  which 
is  defective  or  contrary  to  the  specifications,  this  material,  no  matter  in  what  stage  of  completion, 
may  be  rejected  by  the  purchaser. 
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1 68.  Shop  Flans. — ^The  purchaser  shall  be  furnished  complete  shop  plans  (§13). 

169.  Shipping  Invoices. — Complete  copies  of  shipping  invoices  shall  be  furnished  to  the 
purchaser  with  each  shipment. 

FULL-SIZED  TESTS. 

170.  Test  to  Prove  Workmanship. — ^Full-sized  tests  on  eye-bars  and  similar  members,  to 
prove  the  workmanship,  shall  be  made  at  the  manufacturer's  e3ft)ense,  and  shall  be  paid  for  by 
the  purchaser  at  contract  price,  if  the  tests  are  satisfactory.  If  the  tests  are  not  satisfactory,  the 
members  represented  by  tnem  will  be  rejected. 

171.  ^e-bar  Tests. — In  eye-bar  tests,  the  fracture  shall  be  silky,  the  elongation  in  10  ft., 
including  the  fracture,  shall  be  not  less  than  15  per  cent;  and  the  ultimate  strength  and  true 
elastic  lunit  shall  be  recorded  (§  141). 

ERECTION. 

172.  If  the  contractor  erects  the  bridge  he  shall,  unless  otherwise  specified,  furnish  all  staging 
and  falsework,  erect  and  adjust  all  metal  work,  and  shall  frame  and  put  in  place  all  floor  timbers, 
guard  timbers,  trestle  timbers,  etc.,  complete  ready  for  traffic. 

The  contractor  shall  put  in  place  all  stone  bolts  and  anchors  for  attaching  the  steel  work  to 
the  masonry.  He  shall  drill  all  the  necessary  holes  in  the  masonry,  and  set  all  bolts  with  neat 
Portland  cement. 

173.  Field  rivets  shall  preferably  be  driven  by  pneumatic  riveters  of  approved  make.  A 
pneumatic  bucker  shall  be  used  with  a  pneumatic  riveter.  Splices  and  field  connections  shall  have 
^o  per  cent  of  the  holes  filled  with  bolts  and  drift  pins  (of  which  one-^th  shall  be  drift  pins) 
before  riveting.  Splices  and  connections  carrying  traffic  durinfl"  erection  shall  have  75  per  cent 
of  the  holes  so  filled.  Rivets  in  splices  of  compression  chords  sh^dl  not  be  driven  until  the  abutting 
surfaces  have  been  brought  into  contact  throughout,  and  submitted  to  full  dead  load  stress.  Field 
riveting  shall  be  done  to  the  satisfaction  of  the  engineer. 

The  fence  may  be  field  bolted,  all  other  connections  shall  be  field  riveted. 

174.  The  erection  will  also  include  all  necessary  hauling  from  the  railroad  station,  the  un- 
loading of  the  materials  and  their  proper  care  until  the  erection  is  completed. 

175.  Whenever  new  structures  are  to  replace  existing  ones,  the  latter  are  to  be  carefully  taken 
down  and  removed  by  the  contractor  to  some  place  where  the  material  can  be  hauled  away. 

176.  The  contractor  shall  so  conduct  his  work  as  not  to  interfere  with  traffic,  interfere  with 
the  work  of  other  contractors,  or  close  any  thoroughfare  on  land  or  water. 

177.  The  contractor  shall  assume  all  risks  of  accidents  and  damages  to  persons  and  properties 
prior  to  the  acceptance  of  the  work. 

178.  The  contractor  must  remove  all  falsework,  piling  and  other  obstructions  or  unsightly 
material  produced  by  his  operations. 

PAINTING  AFTER  ERECTION. 

179.  After  the  bridge  is  erected  the  metal  work  shall  be  thoroughly  cleaned  of  mud,  grease  or 
other  material,  then  be  thoroughly  and  evenly  painted  with  two  coats  of  paint  of  the  kind  specified 
by  the  engineer,  mixed  with  Unseed  oil.  All  recesses  which  may  retain  water,  or  througn  which 
water  can  enter,  must  be  filled  with  thick  paint  or  some  waterproof  cement  before  the  final  painting. 
The  different  coats  of  paint  must  be  of  distinctly  different  shades  or  colors,  and  one  coat  must 
be  allowed  to  dry  thoroughly  before  the  second  coat  is  applied.  All  painting  shall  be  done  with 
round  brushes  of  the  best  quality  obtainable  on  the  market.  The  paint  shall  be  delivered  on  the 
work  in  the  manufacturer's  origmal  packages  and  be  subject  to  inspection.  If  tests  made  by  the 
inspector  shows  that  the  paint  is  adulterated,  the  paint  will  be  rejected  and  the  contractor  shall 
pay  the  cost  of  the  analyses,  and  shall  scrape  off  and  thoroughly  clean  and  repaint  all  material 
that  has  been  painted  with  the  condemned  paint.  The  paint  shall  not  be  thinned  with  anything 
whatsoever;  in  cold  weather  the  paint  may  be  thinned  by  heating  under  the  direction  of  the 
inspector.  No  turpentine  nor  benzine  shall  be  allowed  on  the  work,  except  by  the  permission  of 
the  inspector,  and  m  such  quantity  as  he  shall  allow.  The  inspector  shall  be  notified  when  any 
painting  is  to  be  done  by  the  contractor,  and  no  painting  shall  be  done  until  the  inspector  has 
approved  the  surface  to  which  the  paint  is  to  be  applied.  Paint  shall  not  be  applied  out  of  doors 
in  freezing,  rainy,  or  misty  weather,  and  all  surfaces  to  which  paint  is  to  be  applied  shall  be  dry, 
clean  and  warm. '  In  cool  weather  the  paint  may  be  thmned  by  heatmg,  and  this  may  be  required 
by  the  inspector. 
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APPENDIX  II. 

GENERAL  SPECIFICATIONS  FOR  CONCRETE  HIGHWAY  BRIDGES  AND 

FOUNDATIONS.* 

BY 

MILO  S.  KETCHUM. 

M.  Am.  Soc.  C.  E. 

1920 

PART  I.     DESIGN. 

General  Description. 

1.  (Hasses. — Bridges  under  these  specifications  are  divided  into  five  classes  as  follows: 
Class  A. — ^For  city  traffic. 

Class  Di. — For  country  roads  with  heavy  traffic. 
Class  D». — For  country  roads  with  light  traffic. 
Class  El. — For  heavy  electric  cars  only. 
Class  Ex. — ^For  medium  electric  cars  only. 

2.  Types. — Concrete  bridges  may  be  divided  according  to  design  into  (i)  circular  and  box 
culverts;  (2)  slab  bridges;  (3)  deck  beam  bridges;  (4)  through  girder  bridges;  (5)  arch  bridges; 
(6)  viaducts,  and  (7)  trestles. 

3.  Types  of  concrete  structure  should  preferably  be  selected  as  follows: 
Box  culverts  up  to  14  ft.  span. 

Slab  bridges  from  14  ft.  to  24  ft.  span. 

Girder  bndges  from  24  ft.  to  65  ft. 

Arches  from  6  ft.  up. 
Arches,  except  for  very  short  spans,  should  not  be  used  unless  the  foundations  are  solid  rock  or 
other  materials  in  which  settlement  will  not  occur. 

Slab  and  girder  bridges  shall  be  cambered  one-twentieth  inch  per  foot  of  span. 

4.  Roadways. — Minimum  clear  widths  of  roadwav  shall.be  provided  as  follows: 
Class  A  Bridges, — ^As  reouired  by  the  traffic  which  is  commonly  not  less  than  30  feet. 
Class  D\  BMges, — For  bridges  and  culverts  with  spans  of  10  ft.  and  less,  24  ft.  roadway, 

bridges  with  spans  of  10  to  60  ft.,  20  ft.  roadway;  bridges  over  60  ft.  span,  18  ft.  roadway. 

Class  Pi  Bridges. — For  bridges  and  culverts  with  spans  of  10  ft.  and  less,  20  ft.  roadway; 
bridges  with  spans  of  10  to  60  ft.,  18  ft.  roadway;  bridges  over  60  ft.  span,  16  ft.  roadway. 

Culverts  under  fills  shall  have  a  length  of  barrel  that  will  give  a  top  width  of  not  less  than 
20  ft.  with  side  slopes  of  1}  horizontal  to  i  vertical. 

PART  II.    LOADS. 

5.  Dead  Load. — ^The  dead  load  shall  include  the  weight  of  the* structure  complete,  including 
pavement  and  other  wearing  surface.  In  computing  the  dead  load  the  following  unit  weights 
shall  be  used:  Steel,  490  lb.  per  cu.  ft.;  concrete,  pmin  or  reinforced,  150  lb.  per  cu.  ft.;  earth 
fill,  100  lb.  per  cu.  ft.;  gravel,  125  lb.  per  cu.  ft.;  stone  or  gravel  macadam,  140  lb.  per  cu.  ft.; 
brick,  150  lb.  per  cu.  ft.;  granite  paving,  160  lb.  per  cu.  ft.;  oak  or  other  hard  woods,  4}  lb.  per 
board  foot;  pme  or  fir,  ^i  lb.  per  board  foot;  creosoted  pine  or  fir,  4)  lb.  per  board  foot.  The 
rails,  splices  and  guard  timbers  for  electric  railways  shall  be  assumed  to  weigh  not  less  than  100 
lb.  per  lineal  foot  of  track. 

6.  live  Loads. — The  bridges  of  the  different  classes  shall  be  designed  to  carry  in  addition  to 
the  dead  load,  a  moving  load,  either  uniform  or  concentrated,  or  both,  as  specified  below,  placed 
so  as  to  give  maximum  stresses. 

7.  Class  A.  Far  City  Traffic, — For  the  floor  and  its  supports,  on  any  part  of  the  roadway 
or  on  each  of  the  street  car  tracks,  a  concentrated  load  of  2/l  tons  on  two  axles  10  ft.  centers  and 
5  ft.  gage  (assumed  to  occupy  a  width  of  12  ft.  for  a  single  line  and  22  ft.  for  a  double  line),  and 
upon  the  remaining  portion  ot  the  floor  a  load  of  12^  lb.  per  sq.  ft.,  and  a  concentrated  motor  truck 
load  as  for  class  Di.  Sidewalks  are  to  be  designed  for  a  live  load  of  100  I^.  per  sq.  ft.  Girders 
are  to  be  designed  for  a  load  of  1,800  lb.  per  lineal  foot  on  each  track  and  also  a  uniform  load  of 
125  lb.  per  sq.  ft.  on  remaining  floor  surface. 

*To  accompany  "  General  Specifications  for  Construction  of  a  Highway  Bridge,'*  Chapter 
XXIV,  page  430. 
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8.  Class  Di.  For  Country  Bridges  with  Heavy  Traffic. — For  the  floor  and  its  supports,  a 
load  of  125  lb.  per  sq.  ft.  of  total  floor  surface  or  a  20-ton  motor  truck  with  axles  spaced  12  ft, 
and  wheels  6-ft.  centers,  with  14  tons  on  rear  axle  and  6  tons  on  front  axle.  The  truck  to  occupy 
a  space  10  ft.  wide  and  32  ft.  long.     The  rear  wheels  to  have  a  width  of  20  in. 

Girders  are  to  be  designed  for  a  uniform  liv^  load  of  125  lb.  per  sq.  ft. 

9.  Class  Ds.  For  Country  Roads  with  Light  Traffic. — ^For  the  floor  and  its  supports,  a  load 
of  100  lb.  per  s(^.  ft.  of  total  floor  surface  or  a  1 5-ton  motor  truck  with  axles  spaced  10  It.  and  wheels 
6-ft.  centers,  with  10  tons  on  the  rear  axle  and  5  tons  on  the  front  axle.  The  truck  to  occupy 
a  space  10  ft.  wide  and  30  ft.  long.     The  rear  wheels  to  have  a  width  of  15  in. 

Girders  are  to  be  designed  for  a  uniform  live  load  of  100  lb.  per  sq.  ft. 

10.  Class  El.  For  Heavy  Electric  Cars  Only. — On  each  track  a  series  of  concentrations  con- 
sisting of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5  ft.  centers,  while  the  distance 
between  centers  of  interior  axles  is  10  ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers.  The 
axles  are  each  loaded  with  a  load  of  40,000  lb.  making  a  total  of  160,000  lb.  for  each  car.  Or  a 
uniform  load  of  6,000  lb.  per  lineal  foot  on  each  car  track  up  to  50  ft.,  reduced  to  5,000  lb.  for  100 
ft.  and  over,  and  proportionately  for  intermediate  spans. 

11.  Class  £s.  For  Medium  Electric  Cars  Only. — On  each  track  a  series  of  concentrations 
consisting  of  two  pairs  of  trucks,  the  axles  of  the  pairs  being  spaced  5  ft.  centens,  while  the  distance 
between  centers  of  interior  axles  is  10  ft.,  the  pairs  of  trucks  being  spaced  15  ft.  centers.  The 
axles  are  each  loaded  with  a  load  of  25,000  lb.  making  a  total  of  100,000  lb.  for  each  car,  or  a 
uniform  load  of  3,500  lb.  per  lineal  foot  for  all  spans  up  to  50  ft.,  reduced  to  3,000  lb.  per  lineal 
foot  for  spans  of  100  ft.  and  over,  and  proportionately  for  intermediate  spans.  * 

12.  Distribution  of  Concentrated  Loads. — ^The  distribution  of  concentrated  loads  on  concrete 
structures  shall  be  calculated  as  follows: 

(a)  The  distribution  of  concentrated  wheel  loads  for  bending  moments  in  reinforced  concrete 
slabs  carried  on  longitudinal  girders  shall  be  calculated  by  the  formula 

e  =  2(/  +  c)/3  (I) 

with  a  maximum  limit  of  6  ft.  for  «,  where  e  —  effective  width  (distance  that  the  load  may  be 
considered  as  uniformly  distributed  on  a  line  down  the  middle  of  the  slab  parallel  to  the  supports), 
/  —  span,  and  c  «  width  of  tire  of  wheel,  all  distances  in  feet.     See  Fig.  i. 
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Fig.  i.  Fig.  2. 

{h)  The  distribution  of  concentrated  wheel  loads  for  bending  moments  in  reinforced  concrete 
slabs  with  transverse  girders  shall  be  calculated  by  the  formula 

e  =  2//3  +  c  (2) 

with  a  maximum  limit  of  6  ft.  for  c,  where  e  —  effective  width,  /  «  span,  and  c  =  width  of  tire 
of  wheel  as  defined  in  paragraph  (c).    See  Fig.  2. 

(c)  The  distribution  of  concentrated  wheel  loads  for  bending  moments  in  slabs  of  girder 
bridges  in  which  the  span  of  the  bridge  is  not  less  than  the  width  of  bridge  center  to  enter  of 
girders,  shall  be  calculated  for  spans  of  9  ft.  or  over  by  the  formula 

«  =  2//3  (3) 

with  a  maximum  limit  oi  e  —  12  ft.,  where  e  »  effective  width,  and  /  »  span  as  defined  in  para- 
graph (a). 

(d)  The  effective  width  for  shear  in  beams  carrying  concentrated  loads  shall  be  taken  the 
same  as  for  bending  moment  as  calculated  by  formula  (i)  or  formula  (2),  with  a  minimum  effective 
width  of  3  ft.  and  a  maximum  effective  width  of  6  ft. 
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The  total  shear  for  an  effective  width  of  3  ft.  shall  be  considered  as  punching  (pure)  shear. 
The  total  shear  for  an  effective  width  of  4.5  ft.  and  over  shall  be  considered  as  beam  shear  (a 
measure  of  diagonal  tension),  for  effective  widths  between  3  ft.  and  4.5  ft.  the  total  shear  shall  be 
divided  proportionally  between  punching  shear  and  beam  shear.  Beam  shear  shall  be  used  in 
calculating  bond  stress  and  as  a  measure  of  diagonal  tension. 

(«)  In  the  design  of  longitudinal  joists  or  stringers  with  concrete  floors,  the  fraction  of  the 
concentrated  load  carried  by  one  stringer  for  spacings  6  ft.  or  less  will  be  taken  equal  to  the 
stringer  spacing  in  feet  divided  by  6  ft.;  with  plank  floors  the  fraction  of  the  concentrated  load 
carried  by  one  stringer  for  spacings  4  ft.  or  less  will  be  taken  ec^ual  to  the  stringer  spacing  divided 
by  4  ft.,  the  maximum  in  each  case  being  the  full  load.  Outside  stringers  are  to  be  designed  for 
the  same  load  as  interior  stringers. 

(/)  In  the  design  of  transverse  stringers  or  floorbeams  with  concrete  floors,  the  fraction  of 
the  concentrated  load  carried  by  one  floorbeam  for  floorbeams  spaced  6  ft.  or  less,  will  be  taken 
equal  to  the  floorbeam  spacing  divided  bv  6  ft.  For  floorbeams  spaced  6  ft.  or  over  the  entire 
reactions  are  assumed  as  carried  by  one  floorbeam.  Axle  loads  are  assumed  as  distributed  on  a 
line  12  ft.  long. 

13.  Wind  Loadv — Wmd  pressure  on  bridges  shall  be  assumed  at  30  lb.  per  scj.  ft.  on  the 
greatest  vertical  projection  of^the  bridge  with  a  minimum  wind  load  of  300  lb.  per  lineal  foot  for 
all  classes.  Bridges  carrying  electric  cars  shall  be  assumed  to  carry  when  loaded,  a  wind  load  of 
30  lb.  per  sq.  ft.  on  the  greatest  vertical  projection  of  the  structure  and  also  a  wind  load  of  400  lb. 
per  lineal  foot,  applied  7  ft.  above  the  base  of  rail  considered  as  a  moving  load. 

Trestle  or  viaduct  towers  shall  be  calculated  for  wind  loads  as  given  for  bridges,  and  also 
a  wind  load  of  100  lb.  for  each  vertical  lineal  foot  of  trestle  or  viaduct  bent. 

Where  wind  stresses  are  added  to  dead  and  live  load  stresses  the  allowable  unit  stresses  for 
dead  and  live  loads  may  be  increased  25  yer  cent. 

14.  Temperature  Stresses. — Reinforced  concrete  arches,  frames  and  other  restrained  struc- 
tures shall  be  designed  for  a  variation  in  temperature  of  80  degrees  F.  When  temperature  stresses 
are  added  to  dead  and  live  load  stresses  the  allowable  unit  stresses  for  dead  and  live  loads  may 
be  increased  25  per  cent. 

15.  Centrifugal  Force  of  Train. — ^Structures  on  curves  shall  be  designed  for  the  centrifugal 
force  of  the  live  load  acting  at  the  top  of  the  rail.  The  centrifugal  force  shall  be  calculated  by  the 
formula 

C  =  o.osW'D 

where  C  —  centrifugal  force  in  pounds,  D  «  degree  of  curvature;  and  W  =  weight  of  train  in 
pounds. 

16.  Longitudinal  Forces. — ^The  effect  of  suddenlv  stopping  a  moving  load  shall  be  considered. 
The  coefficient  of  friction  of  wheels  sliding  on  rails  snail  be  assumed  as  0.2; 

PART  III.    UNIT  STRESSES  AND  PROPORTION  OF  PARTS. 

17.  Unit  Stresses. — ^All  parts  of  the  structure  shall  be  proportioned  so  that  maximum  stresses 
shall  not  exceed  the  following: 

18.  Impact — (a)  For  concrete  arches  with  spandrel  filling  or  culverts  with  a  minimum 
filling  of  one  foot,  no  allowance  for  impact. 

ifi)  For  concrete  slab  and  girder  bridges  and  trestles  and  arches  without  spandrel  filling,  30 
per  cent  for  impact.^ 

(c)  For  steel  bridges  the  following  allowance  for  impact. 

For  the  floor  and  its  supports  including  floor  slabs,  floor  joist,  floorbeams  and  hangers,  30 
percent. 

For  all  truss  members  other  than  the  floor  and  its  supports,  the  impact  increment  shall  be 
/  =  loo/(L  -h  300),  where  L  =  length  of  span  for  simple  highway  spans  (tor  trestle  bents,  towers, 
movable  bridges,  arch  and  cantilever  bridges,  and  for  bridges  carrying  electric  trains,  L  shall  be 
taken  as  the  loaded  length  of  the  bridge  in  feet  producing  maximum  stress  in  the  member). 

Impact  shall  not  be  added  to  stresses  produced  by  longitudinal,  centrifugal,  lateral  or  wind 
forces,  or  temperature  stresses. 

19.  Calculation  of  Stresses. — ^The  following  assumptions  are  to  be  used  as  a  basis  for  calcu- 
lation. 

1.  Calculations  are  to  be  made  with  reference  to  working  stresses  and  safe  loads. 

2.  A  plane  section  before  bending  remains  plane  after  bending. 

3.  The  modulus  of  elasticity  of  concrete  in  compression  is  constant,  and  the  distribution  of 
stresses  in  beams  is  rectilinear. 

4.  In  calculating  the  moment  of  resistance  in  beams  the  tensile  stresses  in  the  concrete  are 
neglected. 
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5.  Adhesion  between  concrete  and  reinforcing  steel  is  assumed  as  perfect,  the  two  materials 
being  assumed  as  stressed  in  proportion  to  their  moduli  of  elasticity. 

6.  The  ratio  of  the  modulus  of  elasticity  of  steel  to  the  modulus  of  elasticity  of  concrete  is 
taken  as  15. 

7.  Initial  stress  in  reinforcement  due  to  contraction  of  the  concrete  is  neglected. 

20.  Lengths  of  Span. — The  span  length  of  girders,  beams,  and  slabs  simplv  supported  shall 
be  taken  as  the  distance  from  center  to  center  of  supports,  but  need  not  be  taken  to  exceed  the 
clear  span  plus  the  depth  of  beam  or  slab.  For  contmuous  or  restrained  beams  the  span  length 
may  be  taken  as  the  clear  distance  between  faces  of  supports.  Where  monolithic  brackets  are 
used  the  face  of  the  support  may  be  taken  as  that  point  where  the  combined  depth  of  beam  and 
bracket  are  one-third  greater  than  the  depth  of  beam  at  the  center  of  the  span.  The  reduction 
in  the  length  of  span  where  brackets  are  used  shall  in  no  case  be  more  than  one-tenth  the  span 
where  a  bracket  is  used  at  one  end,  or  two-tenths  the  span  where  brackets  are  used  at  both  ends 
of  the  beam  or  girder.  Maximum  negative  moments  are  assumed  as  existing  at  the  end  of  the 
span  as  defined  above. 

For  calculating  stresses,  the  span  of  a  concrete  arch  shall  be  taken  as  the  span  of  the  neutral 
axis  of  the  arch  ring;  and  the  rise  of  the  arch  shall  be  taken  as  the  distance  from  the  line  connecting 
the  ends  of  the  neutral  axis  to  the  neutral  axis  at  the  crown. 

The  actual  span  and  rise  of  an  arch  shall  be  taken  as  the  clear  distance  between  springing 
lines  and  the  clear  rise  to  the  intrados  of  the  arch. 

21.  Bending  Moments. — ^For  simple  beams  the  moments  due  to  external  loads  shall  be  calcu- 
lated by  the  usual  methods;  for  pairtially  continuous  beams  the  maximum  positive  bending 
moment  near  the  center  and  the  maximum  negative  bending  moment  at  the  end  of  the  beam  shaU 
be  taken  as  -f^  the  maximum  positive  moment  in  a  simple  beam;  for  continuous  beams  the 
maximum  positive  bending  moment  at  or  near  the  center  of  the  beam  and  the  maximum 
negative  bending  moment  at  the  end  of  the  span  shall  be  taken  at  -ff  the  maximum  positive 
moment  in  a  simple  beam. 

For  spans  ot  unusual  or  unequal  length,  or  spans  carrying  heavy  concentrated  loads  more 
exact  calculations  shall  be  made. 

22.  T-beams. — In  beam  and  slab  construction  an  effective  bond  shall  be  provided  at  the 
junction  of  the  beam  and  the  slab.  When  the  principal  slab  reinforcement  is  parallel  to  the 
beam,  transverse  reinforcement  shall  be  used  extending  over  the  beam  and  well  into  the  slab. 

The  slab  may  be  considered  an  integral  part  of  the  beam  when  adequate  bond  and  shearing 
resbtance  between  slab  and  web  of  beam  is  provided,  but  its  effective  width  shall  be  determined 
by  the  following  rules: 

(a)  It  shall  not  exceed  one-fourth  of  the  span  length  of  the  beam. 

(b)  Its  overhanging  width  on  either  side  of  the  web  shall  not  exceed  six  times  the  thickness 
of  the  slab. 

T.-beams  used  mainly  for  the  purpose  of  providing  additional  compression  area  of  concrete 
shall  have  a  width  of  flange  not  more  than  three  times  the  width  of  the  stem,  and  a  thickness  of 
flange  of  not  less  than  one-third  the  depth  of  the  beam. 

23.  Floor  Slabs  Supported  on  Four  Sides. — ^Floor  slabs  supported  on  four  supports  shall  be 
continuous  over  the  supports.  For  square  slabs  one-half  the  load  shall  be  assumed  as  carried 
by  the  reinforcement  in  each  direction.  For  oblong  slabs  in  which  the  length  of  slab  is  not  greater 
than  1.5  times  its  width  the  proportion  of  the  load  taken  by  the  transverse  reinforcement  shall 
be  assumed  as  r  »  //6  —  0.5,  where  /  -■  length  and  b  —  width  of  slab.  The  remainder  of  the 
load  is  to  be  taken  by  the  longitudinal  reinforcement.  Where  /  is  equal  or  greater  than  1}  times 
b  all  the  load  shall  be  assumed  as  taken  by  the  transverse  reinforcement. 

In  placing  the  reinforcement  two-thirds  of  the  previously  calculated  bending  moments  shall 
be  assumed  as  taken  by  the  center  half  of  the  slab  and  one-third  by  the  outside  quarters. 

24.  Bond  Strength. — ^Adequate  bond  strength  shall  be  provided.  In  restrained  and  canti- 
lever beams  the  reinforcing  bars  shall  be  anchored  in  the  support  sufRciently  to  develop  the  full 
tensile  strength  of  the  bars.  Where  high  bond  strength  is  required,  deformed  bars  may  be  used, 
or  the  bond  strength  may  be  increased  by  using  hooked  ends  on  reinforcing  bars.  Hooked  ends 
on  reinforcing  bars  shall  consist  of  turns  through  180  degrees. 

25.  Spacing  of  Reinforcement. — ^The  lateral  spacing  of  parallel  reinforcing  bars  shall  not  be 
less  than  three  diameters  from  center  to  center,  nor  shall  the  distance  from  the  side  of  the  beam  to 
the  center  of  the  nearest  bar  be  less  than  two  diameters.  The  clear  spacing  between  two  layers  of 
bars  shall  be  not  less  than  i  inch.  Where  more  than  two  la^rers  of  bars  are  used  the  layers  sludl 
be  tied  together  by  adequate  metal  connections  at  and  near  points  where  bars  are  bent  up.  Where 
more  than  one  layer  of  bars  is  used  at  least  all  of  the  bars  aoove  the  lower  layer  should  be  bent  up 
and  anchored  beyond  the  edge  of  the  support. 
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26.  Shear  Reiiiforcement.— Two-thirds  of  the  external  vertical  shear  shall  be  taken  as 
producing  stresses  in  web  reinforcement.  Vertical  or  inclined  stirrups  shall  be  secured  to  the 
horizont^  members  in  such  a  way  as  to  prevent  slip.  Sufficient  bond  resistance  between  stirrups 
or  diagonals  shall  be  provided  in  the  compression  area  of  the  beam.  The  lon^tudinal  spacing  of 
vertical  stirrups  shall  not  exceed  one-half  the  depth  of  the  beam,  and  inchned  web  members 
shall  be  spaced  not  to  exceed  three-fourths  of  the  depth  of  the  beam.  Where  horizontal  bars  are 
bent  up  to  carry  web  stresses  the  points  of  bendine  up  shall  not  be  spaced  to  exceed  three-fourths 
of  the  depth  of  the  beam.  In  restrained  beams  the  nrst  stirrup  or  place  of  bending  down  of  bar 
shall  be  placed  not  further  than  one-half  the  depth  of  the  beam  from  the  face  of  the  support. 

When  a  flat  slab  rests  on  a  column  or  a  column  bears  on  a  footing,  or  a  concentrated  load  is 
applied  near  the  end  of  a  short  beam,  the  shear  in  the  slab  shall  be  considered  as  punching  shear. 

27.  Columns. — Columns  shall  preferably  not  be  greater  in  length  than  15  times  the  least; 
^dth.  Columns  shall  be  veinforced  by  both  vertical  reinforcing  bars  and  bands,  hoops  or  spirals. 
or  by  structural  shapes  so  arranged  as  to  enclose  the  concrete  core.  The  effective  area  of  hooped 
columns  or  columns  reinforced  with  structural  shapes  shall  be  taken  as  the  area  within  the  circle 
enclosing  the  spiral  or  the  polygon  enclosing  the  structural  shapes. 

The  minimum  size  of  columns  shall  be  12  in.  out  to  out. 

Longitudinal  reinforcement  shall  be  assumed  to  carry  its  proportion  of  stress.  Hoops  or 
bands  shall  not  be  counted  on  as  carrying  stress. 

Hooping  shall  have  a  clear  spacing  not  greater  than  one-sixth  the  diameter  of  the  enclosed 
column,  and  preferably  not  greater  than  one-tenth  and  in  no  case  more  than  2}  inches.  Hooping 
is  to  be  circular  and  the  ends  of  the  bands  shall  be  united  so  as  to  develop  their  full  strength. 
Hooping  shall  not  be  less  than  i  per  cent  of  the  enclosed  column.  Bending  stresses  in  columns 
due  to  eccentric  loads,  or  due  to  lateral  forces  shall  be  provided  for  by  increasing  the  section  until 
the  maximum  stresses  do  not  exceed  the  permissible  values. 

28.  Temperature  Stresses. — ^Temperature  reinforcement  shall  not  be  less  than  one-third  of 
one  per  cent  of  gross  area,  and  of  a  form  that  will  develop  high  bond  resistance,  placed  near  the 
exposed  surface  and  well  distributed. 

20.  Expansion  Rockers. — Reinforced  concrete  bridges  with  spans  of  40  ft.  or  over  shall  be 
provicled  with  expansion  rockers  on  one  end  of  each  span.  Rockers  shall  be  made  of  cast-iron 
that  will  comply  with  the  specifications  of  the  American  Society  for  Testing  Materials  for  gray 
iron  castings.  Kockers  shall  have  a  thickness  of  not  less  than  2}  in.  for  spans  of  45  ft.  and  less, 
and  not  less  than  3  in.  for  spans  greater  than  45  ft.  The  upper  and  lower  edges  of  the  rocker 
shall  be  turned  to  a  radius  equal  to  one-half  the  height  of  the  rocker.  The  bearing  of  the  rocker 
on  steel  bearing  plates  shall  not  exceed  300J  lb.  per  sq.  in.,  where  d  »  height  of  rocker. 

30.  Bearing  Plates. — ^The  rockers  shall  turn  between  steel  bearing  plates  with  planed  bearing 
surfaces.  The  cut  of  the  tool  shall  be  in  the  direction  of  expansion.  The  bearing  of  the  steel 
plates  on  the  concrete  shall  not  exceed  600  lb.  per  sq.  in.  The  bending  stress  in  the  steel  bearing 
plates  shall  not  exceed  16,000  lb.  per  sq.  in.  The  bearing  plates  shall  be  set  in  full  mortar  beds 
and  accurately  leveled. 

Bearing  plates  without  rockers  shall  be  used  on  one  end  of  girder  bridges  with  spans  of  less 
than  40  ft. 

31.  Rocker  Pockets. — Rocker  pockets  two  inches  longer  than  the  rockers  shall  be  provided 
in  the  concrete.     The  top  of  the  rocker  shall  come  )  in.  above  the  surface  of  concrete. 

The  rockers  shall  be  placed  accurately  at  right  angles  to  the  axis  of  the  girder  and  shall  be 
supported  in  position.  Rockers  may  be  supported  by  soft  wooden  struts  not  more  than  one  inch 
sc^uare  which  have  been  soaked  with  water  previous  to  driving.  The  pocket  shall  then  be  filled 
with  asphalt.  The  top  plates  shall  then  be  placed  in  position  and  held  in  level  position  by  soft 
wooden  sticks  not  more  than  one  inch  square  placed  vertically  one  on  each  side  of  the  rocker 
and  resting  on  the  bottom  of  the  pocket.  The  bituminous  felt  cushion  used  to  separate  the  super- 
structure concrete  from  the  sub^ructure  shall  not  over  lap  the  steel  plate  more  than  one  inch. 
No  concrete  shall  be  permitted  to  enter  the  rocker  pocket.  The  asphalt  used  shall  comply  with 
the  specifications  of  the  American  Society  for  Testing  Materials  for  asphalt  for  waterproofine. 

Bituminous  felt  shall  be  provided  in  sheets  not  less  than  i  in.  thick.  Ordinary  tar  or  building 
paper  shall  not  be  used. 

32.  Spedflcations  for  Concrete  Floors. — Concrete  floors  shall  be  built  of  1-2-4  Portland 
cement  concrete.  The  distribution  of  loads  shall  be  as  given  in  §  12.  All  concrete  floors  not 
covered  with  a  bituminous  wearing  surface  are  to  be  finished  with  a  wearing  surface  |  in.  thick 
of  I  to  I  mortar.  This  mortar  coat  is  to  be  applied  immediatelv  after  the  slab  is  poured  and  the 
surface  shall  be  rubbed  with  a  heavy  wood  float  to  give  a  smooth  surface. 

Floors  shall  be  concreted  in  a  continuous  operation  over  each  span.  Expansion  joints  shall 
be  provided  between  spans  and  at  the  ends  of  floors  resting  on  abutments.  These  joints  shall  be 
filled  with  tar  or  asphalt  or  tar  or  asphalt  felt  as  shown  on  the  drawings.    At  expansion  joints  the 
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edges  of  the  concrete  shall  be  protected  bv  steel  plates  and  the  joints  filled  with  tar  or  asphalt  felt. 
Steel  spans  shall  be  swung  clear  of  the  false-work  before  concrete  is  poured  on  the  floor.  On  lone 
spans  the  floors  shall  be  poured  on  both  ends  at  the  same  time.  Concrete  slabs  shall  be  protected 
from  the  direct  rays  of  the  sun  and  the  surface  shall  be  kept  moist  for  a  minimum  of  one  week. 

33.  Bitominotts  Floor  Coating. — A  tar  or  asphalt  as  specified  by  the  engineer  shall  be  applied 
hot  to  the  concrete  at  the  rate  of  one-third  gallon  per  square  yard.  Over  this  coating  while  hot 
shall  be  sifted  hot,  clean,  dry  sand  screened  through  a  }-in.  mesh  screen.  The  sand  shall  be 
placed  in  excess  and  rolled  with  a  hand  roller.  All  joints  and  comers  shall  be  filled  with  asphalt 
or  tar.  All  concrete  surfaces  to  be  covered  with  bituminous  coating  shall  be  thoroughly  cleaned 
with  steel  brooms  and  swept  clean. 

PART  IV.    WORKING  STRESSES. 

34.  The  following  working  stresses  are  for  static  loads  and  are  based  on  a  concrete  composed 
of  one  part  Portland  cement,  two^  parts  sand  or  fiine  aggregate,  and  four  parts  stone  or  coarse 
aggregate,  that  will  develop  an  ultimate  compressive  strength  of  2,000  lb.  per  sq.  in. -at  an  age  of 
28  days  in  cylinders  8  in.  m  diameter  and  16  in.  long,  when  made  and  stored  in  moist  air  under 
laboratory  conditions.  Concretes  of  different  mixtures  shall  have  allowable  stresses  proportional 
to  their  ultimate  compressive  strengths  determined  under  the  above  conditions. 

35.  Bearing. — ^When  compression  is  applied  to  a  surface  of  concrete  having  at  least  twice 
the  loaded  area,  a  stress  of  700  lb.  per  sq.  m.  may  be  allowed  on  the  area  actually  under  load. 

^6.  Azial  Compression. — ^For  concentric  compression  on  a  plain  concrete  pier,  the  length  of 
which  does  not  exceed  four  diameters,  a  stress  of  450  lb.  per  sq.  in.  may  be  allowed. 

37.  Columns.— Reinforced  concrete  columns  may  have  allowable  stresses  as  follows: 

(a)  Columns  with  lonntudinal  reinforcement  of  not  less  than  i  per  cent  and  not  more  than 
4  per  cent,  and  with  lateral  ties  of  not  less  than  i  in.  in  diameter,  12  in.  apart,  nor  more  than  15 
aiameters  of  longitudinal  bar,  may  have  an  allowable  stress  in  the  concrete  of  450  lb.  per  sq.  in. 

(b)  Columns  with  longitudinal  reinforcement  of  not  less  than  i  per  cent  and  not  more  than 
4  per  cent,  and  with  drcu&r  hoops  or  spirals  not  less  than  i  per  cent  of  the  volume  of  the  con- 
crete, where  the  hoops  are  spaced  not  more  than  one-sixth  the  diameter  of  the  enlcosed  columA 
or  more  than  2)  in.,  may  have  an  allowable  stress  in  the  concrete  of  700  lb.  per  so.  in. 

38.  Compression  on  Extreme  Fiber. — ^The  extreme  fiber  stress  of  a  beam,  calculated  on  the 
assumption  of  a  constant  modulus  of  elasticity  of  concrete  shall  not  exceed  650  lb.  per  sq.  in.  Adja- 
cent to  the  support  of  continuous  beams,  stresses  15  per  cent  higher  may  be  used. 

30.  Shear  and  Diagonal  Tension. — ^As  a  measure  of  the  diagonal  tension  the  following  allow- 
able shearing  stresses  may  be  used. 

(a)  For  beams  with  horizontal  bars  only  and  without  web  reinforcement,  a  shearing  stress 
of  40  lb.  per  sq.  in.  mav  be  allowed. 

(6)  For  beams  with  web  reinforcement  of  stirrups  looped  about  longitudinal  reinforcing  bars  in 
the  tension  side  of  the  beam  and  spaced  horizontally  not  more  than  one-half  the  depth  of  the  beam 
or  for  beams  in  which  longitudihal  bars  are  bent-up  at  an  angle  of  not  more  than  45  desrees  or  less 
than  20  degrees  with  the  axis  of  the  beam,and  the  points  of  bending  are  spaced  horizontally  not  more 
than  three-quarters  the  depth  of  the  beam,  a  shearing  stress  of  90  lb.  per  sq.  in.  may  be  allowed. 

(c)  For  a  combination  of  bent  bars  and  vertical  stirrups  looped  about  reinforcing  bars  on  the 
tension  side  of  the  beam  and  spaced  horizontallv  not  more  than  one-half  the  depth  of  the  beam, 
a  shearing  stress  of  100  lb.  per  s^.  in.  may  be  allowed. 

{d)  For  beams  with  web  reinforcement  (either  vertical  or  inclined)  securely  attached  to  the 
longitudinal  bars  on  the  tension  side  of  the  beam  in  such  a  way  as  to  prevent  shpping  of  bar  past 
the  stirrups,  vertical  stirrups  to  be  spaced  not  more  than  one-half  and  inclined  meml^rs  not  more 
than  three-fourths  the  depth  of  the  beam,  either  with  longitudinal  bars  bent  up  or  not,  a  shear- 
ing stress  of  120  lb.  per  sq.  in.  may  be  allowed. 

(«)  For  punching  or  pure  shear,  120  lb.  per  sq.  in.  may  be  allowed. 

In  calculating  the  stresses  in  web  reinforcement  two-thirds  of  the  external  vertical  shear  is 
to  be  assumed  as  taken  by  the  stirrups  or  bent-up  bars.  The  stresses  in  stirrups  when  combined 
with  bent-up  bars  are  to  be  determined  by  finding  the  total  amount  of  shear  that  may  be  allowed 
by  reason  of  the  bent-up  bars,  and  subtracting  this  shear  from  the  total  external  vertical  shear. 
Two-thirds  of  the  remainder  will  be  the  shear  to  be  carried  by  the  stirrups. 

40.  Bond  Stress. — ^The  bond  stress  between  concrete  and  plain  reinforcing  bars  may  be 
assumed  at  80  lb.  per  sq.  in. ;  on  drawn  wire  40  lb.  per  sq.  in. ;  on  deformed  bars  100  lb.  per  sq.  in. 
Bars  with  ends  hooked  by  bending  through  180  degrees  around  a  radius  of  two  diameters  ot  bar 
may  have  a  bond  stress  of  120  lb.  per  sq.  in. 

41 .  Stresses  in  Steel  Reinforcement. — ^The  tensile  or  compressive  stress  in  steel  reinforxreinent 
shall  not  exceed  16,000  lb.  per  sq.  in.  The  tensile  stress  in  stirrups  shall  not  exceed  12,000  lb. 
per  sq.  in. 
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PART  V.    CONCRETE  ARCHES. 

42.  Proportions. — ^The  crown  thickness  of  reinforced  arches  shall  not  6e  less  than  one-sixtieth 
of  the  span,  nor  the  thickness  at  the  springing  line  less  than  twice  the  thickness  at  the  crown. 

43.  Reinforcement — ^Arch  reinforcement  shall  be  double  and  preferably  symmetrical.  There 
shall  be  sufficient  steel  at  every  section  to  take  all  the  tension  on  the  assumption  that  the  concrete 
takes  no  tension.  ^  The  main  reinforcing  bars  shall  be  fastened  tc^ther  by  means  of  stirrups  not 
less  than  I  inches  in  diameter,  and  spaced  not  more  than  the  depth  of  the  arch  ring  at  the  spring. 
The  stirrups  shall  pass  around  the  main  bars  and  shall  be  rigidly  wired  in  place.  The  transverse 
reinforcement  shall  be  not  less  than  one-third  of  one  per  cent  and  shall  be  symmetrically  placed 
on  each  side  of  the  arch  ring.  Reinforcing  steel  shall  be  placed  and  secured  in  position  before  the 
concrete  is  deposited.  The  bars  shall  be  blocked  up  from  the  forms  by  means  of  concrete  blocks 
or  metal  chairs.  The  concrete  covering  shall  not  be  less  than  one  inch.  The  area  of  steel  at  the 
crown  shall  not  be  less  than  one  per  cent. 

44.  Analysb  of  Stresses. — ^Arches  shall  be  analyzed  by  the  elastic  theory  for  at  least  the 
following  live  load  conditions. 

1.  The  live  load  covering  the  middle  quarter  of  the  span  for  maximum  positive  bending 
moment  at  the  crown. 

2.  The  live  load  covering  three-eighths  the  span  on  each  end,  or  a  total  of  three-fourths  the 
span  for  maximum  negative  bending  moment  at  the  crown. 

3.  The  live  load  covering  five-eighths  of  the  span  loaded  from  one  end  for  maximum  positive 
moment  at  the  spring  on  the  unloaded  side. 

4.  The  live  load  covering  three-eighths  of  the  span  for  maximum  negative  moment  at  the 
spring  on  the  loaded  side. 

Arches  with  unsymmetrical  spans  or  of  unusual  design  or  loads  shall  be  investigated  by 
means  of  influence  lines. 

45.  Arch  ribs  shall  be  designed  for  a  variation  in  temperature  of  40  degrees  F.  on  each  side 
of  the  mean. 

46.  The  effect  of  the  shortening  of  the  arch  ring  due  to  axial  compression  shall  be  considered. 

47.  The  spandrel  walls  shall  be  securely  anchored  to  the  arch  ring,  which  shall  be  reinforced 
transversely  to  provide  for  the  maximum  lateral  thrust  on  the  spandrel  walls. 

48.  The  top  of  the  arch  ring  and  spandrel  walls  covered  with  earth  shall  be  g^ven  a  smooth 
coating  with  cement  mortar,  and  shall  be  waterproofed  with  neat  cement  grout  or  with  bituminous 
coating. 

49.  Expansion  joints  shall  be  left  in  spandrels  and  handrail.  The  minimum  number  of 
expansion  ioints  shall  be  three  for  spans  less  than  50  ft.  and  five  for  spans  over  50  ft.  Expansion^ 
joints  shall  be  of  tongue  and  groove  type  thoroughly  waterproofed. 

PART  VI.    MATERIALS. 

50.  Pordand  Cement — ^The  cement  shall  be  Portland  cement  of  an  approved  brand,  and 
shall  conform  to  the  standard  specifications  of  the  American  Society  for  Testmg  Materials,  effec- 
tive Tanuaiy  i,  191 7.  Tests  shall  be  made  from  each  car  load  of  cement.  Cement  shall  be 
delivered  so  as  to  give  not  less  than  10  days  for  testing  before  it  is  used.  Cement  shall  be  stored 
so  that  it  will  not  be  damaged  by  moisture. 

51.  Water. — ^The  water  used  in  mixing  concrete  shall  be  clean  and  fresh  and  free  from  oil, 
acid,  alkali,  or  organic  matter. 

52.  Sand. — ^The  sand  or  fine  aggregate  shall  consist  of  clean  siliceous  grains  uniformly  graded 
in  size,  from  fine  to  coarse  and  passing  when  dry  through  a  screen  having  i  in.  diameter  holes. 
Not  more  than  20  per  cent  by  weight  shall  pass  a  sieve  having  50  meshes  per  lineal  inch,  nor  more 
than  6  per  cent  pass  a  sieve  with  100  meshes  per  lineal  inch.  Sand  shall  not  contain  more  than  3 
per  cent  of  clay  by  actual  dry  weight,  and  shall  be  free  from  soft  particles,  lumps  of  clay,  vegetable 
loam  or  other  organic  matter. 

The  sand  shall  be  of  such  a  quality  that  a  mortar  composed  of  one  (i)  part  Portland  cement 
and  three  (3)  parts  sand  by  weight  when  made  into  briquettes  shall  show  as  high  tensile  strength, 
at  an  age  of  7  days  as  1-3  mortar  of  the  same  consistency  made  with  the  same  cement  and  standard 
Ottawa  sand. 

53.  Broken  Stone  or  Gravel. — Coarse  aggregate  shall  consist  of  crushed  stone  or  gravel  which 
is  retained  on  a  screen  having  i  in.  diameter  holes  and  all  passing  a  screen  as  follows: 

For  concrete  for  heavy  foundations,  all  stone  shall  pass  a  2§-in.  screen,  and  at  least  50  per  cent 
shall  be  retained  on  a  f-in.  screen. 

For  concrete  used  for  slabs,  columns,  arch  rin^  and  similar  structures,  all  stone  shall  pass  a 
li-in.  screen,  and  at  least  50  per  cent  shall  be  retamed  on  a  i-in.  screen. 
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For  concrete  for  very  thin  sections,  all  stone  shall  pass  a  i-in.  screen,  and  not  less  than  40 
per  cent  shall  be  retained  on  a  J-in.  screen. 

All  stone  or  gravel  shall  consist  of  clean,  hard  durable  material,  and  shall  be  graded  from 
coarse  to  fine.  Stone  dust  or  dirt  adhering  to  the  particles  as  a  film  shall  be  removedby  wadiing 
or  the  material  shall  be  rejected.  Any  material  containing  shale,  lumps  of  clay,  disintegrated  or 
rotten  boulders,  or  clay  exceeding  3  per  cent  dry  weight  shall  be  rejected.  The  engineer  may 
permit  the  use  of  unscreened  gravel  subject  to  fre«iuent  tests  to  determine  the  relative  proportions 
of  sand  and  gravel.  In  all  cases  where  proportions  of  concrete  are  stated  the  sand  ana  gravel 
or  broken  stone  are  to  be  measured  separately. 

54.  Reinforcing  Steel. — ^AU  reinforcing  steel  shall  be  made  by  the  open-hearth  process,  and 
shall  comply  with  the  requirements  for  billet  steel,  reinforcement  bars  adopted  by  the  American 
Society  for  Testing  Materials,  revised  1914.  Unless  otherwise  shown  on  the  drawings  reinforcing 
steel  shall  be  plain  round  or  square  bars  of  the  structural  steel  grade.  Deformed  b^  shall  be  ot 
a  type  approved  by  the  engineer.  Twisted  bars  will  not  be  accepted  under  these  specifications. 
All  bars  sniall  be  free  from  rust,  dirt,  paint  or  grease  when  placed  in  the  work.  All  reinforcing  steel 
shall  in  general  be  wired  or  otherwise  held  rigidly  in  position  before  the  concrete  is  deposited. 

All  structural  steel  used  for  concrete  reinforcement  shall  comply  with  the  requirements  for 
steel  as  given  in  the  author's  Specifications  for  Steel  Highway  Bridges. 

PART  VII.     DEtAILS  OF  CONSTRUCTION. 

55.  Proportions. — ^The  materials  shall  be  carefully  selected,  of  uniform  (Quality,  and  pro- 
portioned with  a  view  to  securing  as  nearly  as  possible  a  maximum  density,  which  is  obtained  by 
grading  the  aggregates  so  that  the  smaller  particles  fill  the  spaces  between  the  larger  thus  reducing 
the  voids  in  the  aggregate  to  a  minimum.  Sand  and  broken  stone  shall  be  measured  by  loose 
volume.  A  bag  of  cement  containing  94  lb.  net  weight  shall  be  assum^  as  the  equivalent  of 
one  cubic  foot. 

56.  Sand  and  broken  stone  or  gravel  shall  be  used  in  such  proportions  as  to  produce  maximum 
density.  The  proportions  shall  be  carefully  determined  by  density  experiments,  and  the  grading 
of  the  fine  and  coarse  aggregate  shall  be  uniformly  maintained,  or  the  proportions  changed  to 
meet  the  varying  sizes. 

57.  For  reinforced  concrete  slabs,  beams,  cplunms,  etc.,  the  proportions  shall  generally 
be  one  (i)  part  Portland  Cement,  two  (2)  parts  sand  and  four  (4)  parts  broken  stone  or  gravel. 
For  foundations  plain  or  reinforced  the  proportions  shall  generally  be  one  (i)  part  Portland 
cement,  two  and  one-half  (2i)  parts  sand  and  five  (5)  parts  broken  stone  or  gravel.  For  thin 
sections  or  columns  or  members  requiring  a  stronger  concrete  the  proportions  shall  generally  be 
one  (i)  part  Portland  cement,  two  (2)  parts  sand  and  three  (3)  parts  broken  stone  or  gravel. 

58.  The  proportions  in  every  case  shall  be  determined  by  the  strength  or  other  qualities 
required  in  construction.  Advance  tests  shall  be  made  on  concrete  composed  of  materials  to  be 
used  in  the  work. 

59.  Mixing. — ^The  proportions  of  the  various  ingredients  shall  be  determined  by  accurate 
tnethods  of  measurement.  The  concrete  shall  be  thoroughly  mixed  in  a  mixer  of  a  type  which  will 
insure  the  uniform  distribution  of  materials  throughout  the  mass,  and  shall  continue  for  a  minimum 
time  of  one  and  one-half  minutes  after  all  materials  have  been  assembled  in  the  mixer.  For 
-mixers  of  two  or  more  yards  capacity  the  .-ninimum  time  of  mixing  shall  be  two  minutes.  The 
time  of  mixing  shall  preferably  be  longer  than  the  above  minimum.  The  mixer  should  be 
equipped  with  a  device  for  automatically  locking  the  discharging  device  so  as  to  prevent  the 
emptying  of  the  mixer  until  all  the  ingredients  have  been  mixed  for  the  minimum  time.  The 
water  shall  be  measured  into  the  mixer.  The  mixer  shall  be  operated  so  as  to  give  at  the 
periphery  of  the  drum  a  uniform  speed  of  about  200  feet  per  minute. 

60.  Hand  mixing  shall  be  done  on  a  watertight  platform  and  especial  precautions  taken 
after  the  water  has  been  added  to  turn  all  the  ingredients  together  at  least  six  times,  and  until 
the  mass  is  homogeneous  in  appearance  and  color. 

61.  The  materials  shall  be  mixed  wet  enough  to  produce  a  concrete  of  such  a  consistency  as 
will  Bow  sluggishly  into  the  forms  and  about  the  metal  reinforcement,  and  which  at  the  same  time, 
can  be  conveyed  from  the  mixer  to  the  forms  without  separation  of  the  coarse  aggregate  from  the 
mortar.  The  quantity  of  water  is  of  the  greatest  importance  in  securing  concrete  of  maximum 
strength  and  density;  too  much  water  is  as  objectionable  as  too  little. 

62.  The  remixing  of  mortar  or  concrete  that  has  partly  set  shall  not  be  permitted. 

63.  Placing  Concrete. — ^Concrete  shall  be  conveyed  rapidly  from  the  mixer  to  the  forms,  and 
imder  no  circumstances  shall  concrete  be  used  that  has  partly  set.  Concrete  shall  be  deposited 
in  such  a  manner  as  will  permit  the  most  thorough  compacting,  such  as  can  be  obtained  by  working 
with  a  straight  shovel  or  slicing  tool  kept  moving  up  and  down  until  all  the  ingredients  are  in 
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their  proper  place.    Special  care  shall  be  taken  to  prevent  the  formation  of  laitance;    where 
laitance  1^  formed  it  shall  be  removed. 

64.  Reinforcing  steel  shall  be  carefully  placed  in  accordance  with  the  plans,  and  shall  be 
held  in  position  until  the  concrete  is  deposited  and  compacted.  Forms  shall  be  substantial,  free 
from  debris,  and  shall  be  thoroughly  wetted  or  oiled.  When  the  placing  of  concrete  is  suspended, 
all  necessary  grooves  for  forming  future  work  shall  be  made  before  the  concrete  has  set.  When 
work  is  resumed,  concrete  previously  placed  shall  be  roughened,  cleansed  of  foreign  material  and 
laitance,  thoroughly  wetted  and  then  slushed  with  1-2  Portland  cement  mortar.  The  surface  of 
concrete  exposed  to  premature  drying  shall  be  kept  covered  and  wet  for  a  period  of  seven  days. 

65.  Where  concrete  is  conveyed  by  spouting,  the  plant  shall  be  of  such  a  size  and  design  as 
to  ensure  practically  a  continuous  stream  in  the  spout.  The  angle  of  the  spout  with  the  hori- 
zontal dhould  be  such  as  to  allow  the  concrete  to  flow  without  a  separation  ot  the  ingredients,  in 
general  an  angle  of  27  degrees  with  the  horizontal  is  good  practice.  The  spout  shall  be  thoroughly 
flushed  with  water  before  and  after  each  run.  Where  the  dejivery  is  intermittent,  a  hopper  shall 
be  provided  at  the  bottom.  Spouting  through  a  vertical  pipe  is  satisfactory  where  the  flow  is 
continuous,  but  where  the  flow  is  not  continuous  the  flow  shall  be  checked  by  baflle  plates. 

66.  Freezing  Weather. — Concrete  shall  not  be  mixed  or  deposited  at  a  freezing  temperature, 
unless  special  precautions  are  taken  to  prevent  the  use  of  materials  covered  with  ice  crystals,  or 
containmg  frost,  and  to  prevent  the  concrete  from  freezing  before  it  has  set  and  sufiiciently 
hardened. 

When  the  temperature  of  the  air  is  below  40^  F.  during  the  time  of  mixing  and  placing  con- 
crete, the  water  used  in  mixing  the  concrete  shall  be  heated  to  such  a  temperature  that  the  tem- 
perature of  the  concrete  mixture  shall  not  be  less  than  60**  F.  when  it  reaches  its  final  position  in 
the  forms.  Care  shall  be  used  that  the  cement  shall  not  be  injured  by  boiling  water.  The  use 
of  salt  to  lower  the  freezing  point  of  concrete  will  not  be  permitted. 

67.  Rubble  Concrete. — ^Where  the  concrete  is  to  be  deposited  in  massive  work,  dean,  large 
stones,  evenly  distributed,  thoroughly  bedded  and  entirely  surrounded  by  concrete  may  be  used, 
at  the  option  of  the  engineer. 

68.  Forms. — ^Forms  shall  be  substantial  and  unyielding  and  built  so  that  the  concrete  shall 
conform  to  the  designed  dimensions  and  contours,  and  so  constructed  as  to  prevent  the  leakage 
of  mortar. 

For  all  important  work  the  lumber  used  for  face  work  shall  be  dressed  to  uniform  thickness 
and  width,  shall  be  sound  and  free  from  loose  knots,  and  shall  be  secured  to  the  studding  or  up- 
rights in  horizontal  lines.  For  backing  and  other  rough  work  undressed  lumber  may  be  used. 
Square  comers  shall  be  filleted  to  give  round  or  beveled  comers  as  required. 

Lumber  used  the  second  time  shall  be  cleaned,  and  resized  if  necessary  to  insure  plane 
surfaces. 

Forms  shall  not  be  removed  until  authorized  by  the  engineer.  The  forms  on  box  culverts 
8  ft.  by  8  ft.  and  slab,  girder  and  arch  bridges  shall  remain  in  place  in  warm  weather  not  less  than 
three  (3)  weeks,  and  in  cold  weather  at  discretion  of  engineer. 

69.  Joints. — Concrete  structures  shall  wherever  possible  be  cast  in  one  operation,  but  when 
this  is  not  possible,  the  resulting  joint  shall  be  formed  where  it  will  least  impair  the  strength  and 
appearance  of  the  structure. 

Concrete  in  abutments  shall  be  placed  in  uniform  layers  across  the  length  of  the  abutment, 
care  being  taken  to  secure  a  good  bond  between  the  footings  and  the  abutment  wall.  A  full 
longitudinal  section  of  the  floor  slab  shall  be  run  continuously^  any  unavoidable  joints  being  made 
in  a  longitudinal  direction.  Each  girder  shall  be  concretecf  m  a  continuous  operation,  the  con- 
crete bemg  placed  in  layers  along  the  length  of  the  girder. 

70.  Concrete  in  arch  rings  shall  be  deposited  continuously  in  one  operation.  If  the  entire  arch 
ring  cannot  be  deposited  continuously  in  ten  (10)  hours,  the  arch  ring  shall  be  divided  into  trans- 
verse segments,  each  of  which  is  to  be  deposited  in  a  continuous  operation. 

71.  Joints  in  columns  shall  be  made  nush  with  the  lower  side  of  girders.  Joints  in  beams  and 
slabs  shall  come  at  or  near  the  center  of  the  span. 

Joints  in  columns  shall  be  perpendicular  to  the  axis,  and  in  girders,  beams  and  floor  slabs, 
perpendicular  to  the  plane  of  their  surfaces.    Joints  in  arch  rines  shall  be  on  radial  planes. 

72.  Before  placing  concrete  on  top  of  a  freshly  poured  column  at  least  two  hours  shall  be 
allowed  for  settlement  and  shrinkage. 

73.  In  massive  retaining  walls  and  abutments  built  without  reinforcement,  expan^on  joints 
shall  be  provided  at  distances  apart  equal  to  one  and  one-half  times  height  of  the  wall. 

74.  Reinforcement— The  lenp^th  of  lap  shall  be  determined  on  the  basis  of  safe  bond  stress, 
the  stress  in  the  bar  and  the  shearing  resistance  of  the  concrete  at  the  point  of  splice,  or  a  connec- 
tion shall  be  made  between  the  bars  of  suflicient  strength  to  carry  the  stress.  Longitudinal 
tension  bars  in  all  slab  bridges  shall  be  furnished  full  length  as  specified  on  the  plans.     Shop  or 
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field  splicing  of  longitudinal  tension  bars  in  girders  will  not  be  permitted  within  the  middle  half 
of  the  span  length.  There  shall  not  be  more  than  one  splice  per  bar,  and  adjacent  bars  shall  not 
be  spliced  at  tne  same  end  of  girder.  All  slabs  shall  he  well  reinforced  transversely  as  well  as 
longitudinsdly.  Stirrups  shall  be  used  in  all  girder  bridees  to  carry  shear.  At  foundations  bearing 
plates  shall  be  provided  for  supporting  the  bars,  or  the  bars  may  be  carried  into  the  footing  a 
sufhcient  distance  to  transmit  the  stress  in  the  steel  to  the  concrete  by  means  of  the  bearing  and 
bond  resistance. 

75.  Waterproofing. — Concrete  proportioned  to  obtain  the  ereatest  practicable  density  and 
mixed  to  the  proper  consistency  will  be  impervious  under  moderate  pressures.  Thin  concrete 
walls  in  direct  contact  with  the  earth  shall  be  reinforced  with  horizontal  and  vertical  reinforcement 
placed  near  the  surface  in  contact.  For  this  purpose  one-third  of  one  per  cent  of  reinforcement 
m  each  direction  is  satisfactory.  For  walls  in  direct  contact  with  the  earth  the  application  of 
one  or  two  coatings  of  hot  coal  tar  pitch,  following  a  painting  with  a  thin  wash  of  coal  tar  dis- 
solved in  benzol  to  the  thoroughly  dried  surface  of  the  concrete,  gives  excellent  results.  A  coal 
tar  paint  made  by  mixing  16  parts  refined  coal  tar,  4  parts  Portland  cement,  and  3  parts  kerosene 
oil  is  an  excellent  waterproofing  paint. 

76.  Surface  Finish. — ^As  soon  as  the  forms  are  removed  all  rough  surfaces  shall  be  filled 
with  mortar  of  the  same  ^de  as  the  concrete  used,  and  if  necessary  to  insure  a  uniform  appearance 
and  smoothness,  the  entire  surface  of  the  structure  shall  be  thoroughly  rubbed  with  carborundum 
or  other  abrasive  material,  and  all  uneven  or  irregular  portions  removed. 

PART  VIII.    SUBSTRUCTURES  AND  FOUNDATIONS. 
Concrete  Abutments,  Pieks  and  Retaining  Walls. 

77.  Type. — ^The  design  may  be  of  the  reinforced  concrete  cantilever  or  counterfort  section, 
or  of  gravity  section,  capable  of  resisting  the  overturning  ad  ion  of  the  earth  and  the  impact  of 
ice  jams  or  floating  debns.  In  all  types  of  design,  steel  reinforcing  shall  be  used  at  points  where 
tension  may  be  developed. 

78.  Data  for  Design. — ^The  thrust  of  the  filling  on  the  wall  shall  be  calculated  by  Rankine's 
theory,  using  an  angle  of  repose  of  i  i  to  i  for  earth  filling  and  i  to  i  for  sand  filling.  The  actual 
weight  of  the  filling  shall  be  used,  with  a  minimum  of  100  lb.  per  cu.  ft. 

The  weight  of  piers  and  abutments  shall  be  reduced  for  buoyancy  of  water  where  the  founda- 
tion material  is  saturated. 

The  pressure  of  a  flowing  stream  on  a  pier  shall  be  taken  as  follows: 
For  square  piers 

P  =  i.24a-r«  (i) 

For  round  piers 

P  =  0.62a -i^  (2) 

For  piers  three  times  as  long  as  broad 

P  =  Lsoa-j^  (3) 

For  a  pier  five  or  six  times  as  long  as  broad  and  with  a  cutwater,  having  plane  faces  and  an 
angle  of  30  degrees  between  cutwater  faces 

P  =  0.46a  •!>•  (4) 

where  P  »  total  pressure  on  pier,  a  »  wetted  surface  normal  to  current  in  square  feet,  v  »  velocity 
of  current  in  feet  per  second. 

79.  Allowable  Stresses. — ^The  allowable  stresses  in  concrete  shall  be  taken  the  same  as  for 
reinforced  concrete  bridges. 

80.  Allowable  Bearing  on  Foundations. — ^The  safe  bearing  on  soils  shall  be  determined  by 
actual  tests.    The  loads  on  foundations  shall  not  exceed  the  following  in  tons  per  sq.  ft. : 

Ordinary  clay  and  dry  sand  mixed  with  clay 2 

Dry  sand  and  dry  clay 3 

Hard  clay  and  firm  coarse  sand 4 

Firm  coarse  sand  and  gravel 5 

Shale  rock 8 

Hard  rock 20 

For  all  soils  inferior  to  above  never  more  than  one  (i)  ton  per  sq.  ft. 

81.  Piling. — Foundations  shall  be  carried  to  a  depth  suflicient  to  insure  protection  aeainst 
scour  and  to  secure  satisfactory  bearing.  If  satisfactory  bearing  cannot  be  secured  foundation 
piling  shall  be  used. 
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Piling  shall  be  spaced  from  2  ft.  6  in.  to  3  ft.  centers.  The  minimum  distance  from  the 
center  of  pile  to  edge  of  footing  shall  be  fifteen  (15)  inches. 

Timber  piling  shall  be  white,  post  or  burr  oak,  long-leaf  pine,  Douglas  fir,  cedar,  cypress, 
chestnut  or  redwood.  Piles  shall  be  cut  from  sound  trees,  close  grained  and  solid,  and  shall  be 
free  from  defects  such  as  injurious  ring  shakes,  large  and  unsound  or  loose  knots,  decay  or  other 
defects  which  may  materially  impair  their  strength  or  durability.  Piles  shall  be  cut  above  the 
ground  swell,  and  shall  have  a  uniform  taper  from  butt  to  tip.  Short  bends  will  not  be  allowed. 
A  line  drawn  from  the  center  of  the  butt  to  the  center  of  the  tip  shall  be  within  the  body  of  the 
pile.  Unless  otherwise  allowed  piles  shall  be  cut  when  the  sap  is  down.  Piles  shall  be  peeled 
and  all  knots  trimmed  close  to  the  body  of  the  pile.  Piles  shall  have  a  diameter  of  not  less  than 
eight  (8)  inches  at  the  tip,  and  ten  (10)  inches  at  the  butt.  The  tops  of  piles  shall  not  extend 
above  low  water  in  the  stream  unless  the  piles  are  creosoted. 

82.  Safe  Loads  on  Piles. — ^The  allowable  safe  load  on  piles  driven  with  a  drop  hammer  shall 
be  calculated  by  the  formula 

^-m  « 

where  P  =  safe  load  in  pounds,  W  »  weip^ht  of  hammer  in  pounds,  h  «  free  fall  of  hammer  in 
feet,  and  s  »  average  penetration  of  last  six  blows  in  inches.  If  head  of  pile  becomes  broomed  in 
driving,  the  top  shall  be  cut  to  sound  wood  before  making  the  test.  For  a  steam  hammer  substi- 
tute -A  in  place  of  unity  in  denominator  in  above  formula. 

The  minimum  projection  of  piles  into  the  concrete  shall  be  twelve  (12}  inches. 

The  minimum  penetration  01  piles  in  foundations  shall  be  10  ft. 

83.  Footings. — ^The  footings  shall  extend  a  minimum  distance  of  four  (4)  feet  below  bed  of 
stream  unless  solid  rock  is  encountered  at  a  shallower  depth.  Before  any  concrete  is  placed  in 
footings  the  engineer  shall  approve  the  depth  and  character  of  the  foundation. 

84.  Reinforcement. — Reinforcement  shall  be  placed  and  secured  in  position  before  the  con- 
crete is  poured. 

85.  Concrete. — ^For  reinforced  concrete  abutments,  piers  and  wing  walls  and  retaining  walls 
a  1-2-4  Portland  cement  concrete  shall  be  used. 

For  abutments,  piers  and  retaining  walls  without  reinforcement  a  i-2)-5  Portland  cement 
concrete  may  be  used. 

86.  Coffer  Dam. — ^The  inside  dimensions  of  the  coffer  dam  shall  be  sufficiently  lar|:e  to  give 
easy  access  to  all  parts  of  the  foundation  forms.  Concrete  shall  not  be  placed  in  running  water, 
and  shall  only  be  placed  in  still  water  with  suitable  appliances  and  under  direction  of  the  engineer. 

87.  Rock  Anchorage. — ^Where  rock  foundations  are  found,  the  footings  shall  be  carried  not 
less  than  six  (6)  inches  into  the  rock,  and  the  concrete  shall  be  anchored  to  the  rock  by  means  of 
steel  anchors. 

88.  Ice  Breakers. — On  piers  built  in  streams  carrying  heavy  ice,  an  ice  breaker  with  not  less 
than  an  8  in.  X  8  in.  X  }  in.  angle  for  cutting  edge,  shall  be  provided  and  anchored  with  bolts 
as  shown  on  the  plans. 

89.  Drainage. — ^Adequate  drainage  for  backs  of  abutments  and  retaining  walls  shall  be 
provided. 

90.  Bed  Plates. — Bed  plates  shall  be  set  accurately  in  place  and  imbedded  in  1-2  Portland 
cement  mortar,  which  shall  be  allowed  to  set  for  at  least  48  nours  before  being  loaded. 

SPECIFICATIONS  FOR  STEEL  TUBULAR  PIERS  FOR  HIGHWAY  AND  ELECTRIC 

RAILWAY  BRIDGES. 

91.  Thickness  of  Plates. — ^The  plates  for  the  tubes  shall  be  not  less  than  }  in.  thick  for  tubes 
up  to  30  in.  in  diameter,  not  less  than  A  in.  for  tubes  from  ^o  to  48  in.  in  diameter,  and  not  less 
than  i  in.  for  tubes  from  48  to  72  in.  in  diameter.  Where  the  plates  are  in  contact  with  the  soil 
the  thickness  shall  be  increased  at  least  ^  in.  For  -f^  in.  plate  and  less  use  {  in.  rivets;  for  |  in. 
plate  and  over  use  }  in.  rivets. 

92.  Riveting. — ^The  horizontal  seams  shall  be  single  lap  joints  riveted  with  a  pitch  of  4 
diameters  of  rivet,  while  the  vertical  seams  shall  preferably  be  butt  riveted  with  single  riveting 
spaced  4  diameters  of  rivet,  up  to  48  in.  diameter  of  tubes,  and  double  riveting  with  3  in.  spacing 
for  tubes  of  larger  diameter. 

93.  Bracing. — ^The  bracing  between  cylinders  shall  be  a  solid  web  below  high  water  level. 
Above  high  water  level  the  bracing  may  consist  of  struts  and  diagonal  rods.  The  diagonal  rods 
in  open  bracing  shall  be  inclined  at  an  angle  with  the  vertical  of  not  less  than  45  degrees.  The 
rods  shall  be  upset  and  be  provided  with  turn  buckles.    The  bracing  shall  be  made  sufficiently 
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be  added  1 


strong  to  maintain  the  cylinders  in  an  upright  position  when  acted  upon  by  the  prescribed  lateral 
wind  loads,  without  assistance  of  piles. 

Piles. — Piers  30  in.  or  less  in  diameter  shall  have  one  pile,  and  one  additional  pile  shall 
d  for  each  increase  of  six  (6)  inches  in  diameter  of  cylinder.     A  cylinder  72  in.  in  diameter 
will  then  have  eight  (8)  piles. 

95.  Materials  and  Workmanship.— The  materials  and  workmanship  shall  comply  with  the 
specifications  for  the  highway  bridge  superstructure. 

96.  Erection. — Where  the  bottom  will  permit,  the  tubes  shall  be  sunk  well  below  possible 
scour  by  loading  the  tube  and  excavating  the  material  from  the  inside.  For  this  purpKwe  a  clam- 
shell bucket  is  very  effective.  Driving  the  tube  with  a  pile  driver  will  cut  off  the  rivets  in  the 
horizontal  seams  and  will  not  be  permitted.  After  the  tube  is  sunk,  x>iles  are  to  be  driven  inside 
of  the  steel  shell,  as  closely  together  as  possible,  using  care  to  get  no  pile  nearer  than  ^  to  6  in.  to 
the  steel  shell.  The  [)iles  shall  be  driven  to  a  good  refusal;  and  the  tops  sawed  off  below  the  low 
water  mark  and  reaching  at  least  2  diameters  of  the  tube  above  the  bottom.  The  space  inside  the 
tubes  shall  then  be  filled  with  concrete  well  tamped.  Concrete  shall  not  be  depo«ted  in  running 
water  if  possible  to  prevent  it. 

Where  piers  are  founded  on  rock,  the  tubes  are  to  be  anchored  to  the  rock  and  then  filled 
with  concrete.  Or  cribs  may  be  sunk  on  the  rock  and  the  tube  set  in  a  pocket  in  the  crib  and 
r^ing  on  the  rock.  The  space  outside  the  tube  is  then  filled  with  concrete  and  the  tube  is  filled 
with  concrete  in  the  usual  manner. 

SPECIFICATIONS  FOR  STONE  MASONRY. 

1.  Quality  of  Masonry. — ^The  masonry  shall  consist  of  pitch-faced  squared-stone  masonry, 
laid  in  courses  not  less  than  twelve  inches  (12''}  thick,  decreasing  regularly  from  bottom  to  top 
of  wall. 

2.  Quality  of  Stone. — ^The  stone  shall  be  dean,  hard  and  of  a  kind  known  to  be  durable, 
subject  to  the  approval  of  the  engineer. 

3.  Size  of  Stones. — ^Stones,  except  for  filling  joints  shall  have  a  thickness  not  less  than  12 
inches,  nor  less  than  15  inches  in  width,  nor  less  m  width  than  in  thickness.  Stretchers  shall  not 
be  less  than  2}  feet  long,  nor  less  than  i}  times  the  width.  Headers  shall  go  entirely  through  the 
wall  where  the  wall  is  4  ft.  thick  or  less. 

4.  Dressing. — ^The  top  and  bottom  beds  shall  be  approximately  parallel  to  each  other  and  to 
the  natural  bed,  and  shall  be  dressed  to  a  surface  that  will  admit  of  laying  with  vertical  and  hori- 
zontal joints  not  to  exceed  i  inch,  for  a  distance  of  10  inches  from  the  face.  Comer  stones  shall 
have  a  chisel  draft  one  and  one-half  inches  wide.    Faces  shall  be  pitched  to  true  lines. 

5.  Laying. — ^All  stones  shall  be  thoroughly  drenched  and  laid  in  full  mortar  beds,  and  all 
vertical  joints  shall  be  completely  fiUed  with  mortar  for  a  depth  of  12  inches  from  the  face  and 
mortar  and  spalls  for  the  remainder  of  the  vertical  joint.  No  spalls  shall  be  used  in  bed  joints. 
One  header  shall  be  used  to  each  three  stretchers.  Joints  shall  be  broken  at  least  9  inches.  Back- 
injg  shall  be  carried  up  level  with  the  face  stones,  and  shall  be  laid  with  full  mortar  beds  and  joints, 
with  joints  broken  at  least  6  inches.  Heavy  hammering  will  not  be  allowed  on  wall  after  a  course 
is  laid.  Stone  becoming  loose  after  mortar  is  set  shall  be  relaid  with  fresh  mortar.  Stone  shall 
not  be  laid  in  freezing  weather  unless  directed  by  the  engineer.  If  laid  in  freezin|[  weather  the 
stone  shall  be  freed  from  ice,  snow  and  frost  by  heating;  the  sand  and  water  used  in  the  mortar 
shall  be  heated. ' 

6.  Mortar. — ^The  mortar  shall  be  composed  of  one  (i)  part  Portland  cement  and  two  and  one- 
half  (2})  parts  sand,  the  cement  and  sand  to  be  of  the  quality  specified  for  concrete. 

7.  Coping. — Coping  stones  shall  extend  the  full  width  of  the  wall  with  a  6  inch  projection 
on  each  face. 

8.  Pointing. — ^After  the  wall  is  completed  all  face  joints  shall  be  raked  out  to  a  depth  of  one 
and  one-half  (li)  inches,  dampened  and  bead  pointed  with  a  i  to  2  Portland  cement  mortar. 
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STRUCTURAL  TABLES. 

The  following  structural  tables  have  been  taken  from  the  author's  "Structural  Engineers' 

Handbook/*    Only  those  tables  have  been  included  in  this  book  that  are  not  available  in  the 
Cam^e  or  Cambria  steel  books. 
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STRUCTURAL  TABLES. 

TABLE  1. 
Areas  of  Angles 
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2.87 
2.43 
2.22 
2.00 
1.78 
1.56 

1-34 

775 
575 
475 
375 
3.25 

275 
2.50 
2.25 

2.00 

8.68 
6.43 
5.31 
4.18 
3.62 
3.06 

9.61 
7.1 1 

S.86 
4.61 
3.98 
3.36 

10.53 
7.78 
6.40 

5-03 
4-34 

11.44 
8.44 
6.94 

5.44 
4.69 

12.34 
9.09 
7.47 
5.84 
5.03 

13.23 
973 
7.98 

14.12 

10.37 

8.50 

15.00 
11.00 
9.00 

15.87 

16.73 

8'X8' 
6  X6 
S  XS 
4X4 
3lX3i 
3  X3 

2lX2i 

2IX2J 

2jX2i 
2   X2 

ilXiJ 
ilXli 
iJXi} 
I  XI 

i 

2.40 
2.09 
1.78 
1.62 

1.47 
1.31 

i.iS 

1. 00 

0.84 
0.68 

! 

1 

1 

1.44 
1.31 
1. 10 

1 

o.oo 

....  o.8i  i.o6 

....  0.71.0.94 
0.620.81 



^ 

O.'^OO.C't 

0.69 
0.56 
0.44 

0.30 
0.23 

0.43 
0.34 

Amass  witb  Umbqual  Lbgs 

Sbb 

i 

A 

i 

A 

1 

A 

§ 

A 

1 

« 

} 

H 

t 

H 

I 

lA 

li 

Sbb 

7'X3J' 
6X4 
6  X3J 
S  X4 
S  X3J 
S  X3 
4  X3J 
4  X3 
3iX3 
3JX2i 
3  X2j 
3  X2 
2iXa 

3.61 
3.42 
3.23 
3.0s 
2.86 
2.67 
2.48 
2.30 
2.11 
1.92 
1.73 
1.5s 

4.40 
4.18 
3.97 
3.7s 
3.53 
3.31 
3.69 
2.87 
2.6s 

2.43 
2.22 
2.00 
1.78 

S.00 

475 
4.50 

4.25 
4.00 

375 
3.50 
3.25 
3.00 

275 
2.50 

2.25 
2.0c 

5.59 
5.31 
5.03 

475 
447 
4.18 
3.90 
3-62 

3-34 
3.06 
2.78 

6.17 

5.86 
5.55 
5.23 
4.92 
4.61 
4.30 
3.98 
3.67 
3.36 

6.75 
6.40 
6.06 
572 
5-37 
5.03 
4.68 

4-34 
4.00 

3.65 

7.31 
6.94 
6.56 
6.19 
S.81 

5.44 
s.06 
4.69 
4.31 

7.87 

7A7 
7.06 

S£s 
6.25 
5.84 
5.43 
5-03 
4.62 

8.42 
7.98 

7-55 
7.11 
6.67 

8.97 
8.50 
8.03 

9.50 
9.00 
8.50 

7'X3J' 
6  X4 
6  X3} 
S  X4 
S  X3} 
S  X3 
4  X3i 
4X3 
3IX3 
3iX2} 
3  X2} 
3  X2 

2iX2 

2.56 
2.40 

2.25 
2.09 
1.93 
1.78 
1.62 

147 
I.3I 

1.44 
1.31 
1.19 
1.06 

0.81 

....1 

i — 

. . . . 

1 

Sbb 

i 

A 

i 

A 

i 

A 

\ 

A 

f 

H 

\ 

tt 

I 

H 

I 

lA 

li 

Sbb 
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TABLE  2. 
Weights  of  Angles 


Angles  with  Equal  Legs 

WnoBTs  iM  PoimiM  m  Foot 
DnoimoNi  a  Uiobmb 

Size 

» 

A 

i 

A 

f 

A 

§ 

26.4 

19.6 

16.2 

12.8 

II. I 

9.4 

8.5 

7-7 

6.8 

A 
29.6 
21.9 
18.1 

14.3 
12.4 
10.4 

f 

32.7 
24.2 
20.0 

15.7 
13.6 
1 1.5 

35.8 
26.5 
21.8 
17.1 
14.8 

1 

38.9 
28.7 
23.6 
18.5 
16.0 

H 
42.0 
31.0 
25.4 
19.9 
17.1 

45.0 

33.1 
27.2 

a 
48.1 
35.3 
28.9 

51.0 

37.4 
30.6 

/A 
54.0 

56.9 

Size 

8'X8' 
6  X6 
S  XS 
4  X4 
3JX31 
3  X3 
2iX2i 
2JX2J 

2iX2i 
»    X2 

ijxii 

iJXii 
liXii 
iXi 

8'X8' 
6  X6 
S  XS 
4  X4 
3JX3i 
3  X3 
2iX2i 

2§X2i 
2iX2i 

2  Xi 

lixii 

liXiJ 
liXiJ 
1  XI 

8.2 
7.2 
6.1 
5.6 
5.0 

4.5 
3.9 
3-4 
2.9 

2.3 

14.9 

12.3 

9.8 

8.5 
7.2 
6.6 

59 
5.3 
4.7 
4.0 

34 

17.2 

14.3 

11.3 

9.8 

8.3 

7.6 

6.8 
6.1 

5-3 
4.6 

4-9 
4.5 
41 
3.6 
3.2 
2.8 
3-3 
1-9 
1.5 

31 

2.8 
7.^ 

2.1 

1.2 

1.0 

0.8 

1.8 

1-5 
1.2 

Akgles  with  Unequal  Legs 

Size 

i 

A 

I 

A 

f 

A 

i 

A 

1 

tt 

1 

H 

i 

tt 

/ 

/A 

/i 

Size 

7'X3i' 
6X4 
6  X3i 
S  X4 
S  X3J 
S  X3 
4  X3J 
4  X3 
3iX3 
3JX2J 
3  X2j 
3  X2 
2IX2 

.... 

8.7 
8.2 

7-7 
7.2 
6.6 
6.1 
S.6 
S.0 
4.5 

12.3 
11.7 

II.O 

10.4 
9.8 

9.1 
8.5 
7.9 
7.2 
6.6 

5.9 
S-3 

15.0 

14-3 
13s 
12.8 
12.0 
11.3 
10.6 
9.8 

91 
8.3 
7.6 
6.8 
6.1 

17.0 
16.2 
15.3 
145 
13.6 
12.8 
11.9 
II. I 
10.2 

9.4 

8.5 

7-7 
6.8 

19.1 
18.1 
17. 1 
16.2 
15.2 
143 
13.3 
12.4 
1 1.4 
10.4 

9.5 

21.0 
20.0 
18.9 
17.8 
16.8 
15.7 

H'7 
13.6 
12.5 
n.S 

23.0 
21.8 
20.6 
195 

18.3 

17.1 
16.0 
14.8 
13.6 
12.5 

24.9 
23.6 
22.4 
21. 1 
19.8 
18.5 
17.3 
16.0 

14.7 

26.8 

25.4 
24.0 
22.7 

21.3 

19.9 

I8.S 
I7.I 

15.8 

28.7 
27.2 

257 
24.2 
22.7 

30.5 
28.9 
27.3 

32.3 
30.6 
28.9 

fXii' 
6X4 
6X3i 
S  X4 
S  X3i 
S  X3 
4  X3I 
4  X3 
3JX3 
3IX2J 
3  X2j 
3  X2 
2JX2 

.... 

4-9 
4.5 
4.1 

37 

2.8 

1 

Size 

i 

A 

i 

A 

i 

A 

§ 

A 

f 

« 

i 

H 

i 

tt 

/ 

lA 

li 

Size 
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TABLE  3. 

Carnegie  Angles. 

Net  Akbas  and  Allowable  Tension  Values  in  Thousands  of  Pounds. 

Maximum  Fiber  Stress,  16,000  Pounds  per  Square  Inch. 


Sbe. 


8X8 
8X8 
8X8 
8X8 
8X8 
8X8 
8X8 
8X8 
8X8 

8X6 
8X6 
8X6 
8X6 
8X6 
8X6 
8X6 
8X6 
8X6 
8X6 

6X6 
6X6 

6xe 

6X6 
6X6 

exe 

6X6 
6X6 
6X6 

6X4 
6X4 
6X4 
6X4 
6X4 
6X4 
6X4 
6X4 
6X4 

SX34 

5X3i 

5X3 

SX3 

5X3i 

5X3i 

5X3 
SX3 
5X3 
5X3 


Thick- 

DMB, 

Inches. 


\ 


Weight 
per  Foot, 
Pounds. 


SI.O 
48.1 
45.0 
42.0 
38.9 
35.8 
32.7 
29.6 
26.4 

44.2 

41-7 
39.1 

36.5 
33.8 
31.2 
28.5 
25.7 
23.0 
20.2 

33.1 
31.0 
28.7 
26.5 
24.2 


f 

21.9 
19.6 

f 

17.2 
14.9 

. 

27.2 

t 

25.4 

■ 

23.6 

i 

21.8 

20.0 

f 

18.1 
16.2 

f 

14.3 
12.3 

f 

16.8 

i 

13.6 

t 

12.0 
10.4 

A 

8.7 

12.8 

"•3 
9.8 

8.2 


Area, 
Inches'. 


15.00 
14.12 

13-^3 
12.34 

llM 

10.53 

9.61 

8.68 

7-75 

13.00 

12.25 

11.48 

10.72 

9-94 

9.IS 

8.36 

7.56 

6.75 

5-93 

9-73 
9.09 
8.44 
7.78 

6.43 

5.06 
4.36 

7.98 
7.47 
6.94 
6.40 
5.86 
5-31 
4-75 
4.18 
3.61 

4.92 

4-47 
4.00 

3-53 
3.0s 
2.56 

3.7s 

2.86 
2.40 


Net  Areas  and  Stresses— TNvo  Holes  Deducted. 


finch  Rivets. 


Area. 
Inchest. 


13.00 
12.24 
11.48 
10.72 

9.94 
9.16 
8.36 

6.75 

11.00 
10.37 
9.73 
9.10 
8.4^ 
7.78 
7.1 1 
6.43 

5.75 
5.05 

7.98 

6.94 
6.41 
5.86 
5.30 

4.75 
4.18 
3.61 

6.23 
5.85 

5-44 
5.03 
4.61 
4.18 

375 
3.30 
2.86 

3.67 

3-34 
3.00 
2.65 
2.30 
1.93 

2.75 
2.43 
2.11 
177 


Stress. 


208.0 
195.8 
183.7 
171.5 
159.0 
146.6 
133.8 
120.8 
108.0 

176.0 
165.9 

1557 
145.6 
1350 
124.5 
II3.8 
102.9 
92.0 
80.8 

127.7 
II9.5 
II  1.0 
102.6 

93.8 
84.8 

76.0 

66.9 

57.8 

99.7 
93.6 
87.0 
80.5 

66.9 
60.0 
52.8 

45.8 
58.7 

53.4 
48.0 
42.4 
36.8 
30.9 

44.0 
38.9 
33.8 

28.3 


I  Inch  Rivets. 


Area. 
Inches*. 


13.25 
12.48 
11.70 
10.92 
10.13 

9.33 
8.52 
7.70 
6.87 

11.25 
10.61 

9-95 
9.30 
8.63 

7.95 
7.27 
6.58 
5.87 
5.16 

8.20 
7.67 
7.13 
6.58 
6.02 

5.45 
4.87 
4.29 
3.70 

6.45 
6.05 

5-63 
5.20 

477 
4-33 
3.87 
341 
2.95 

3.83 

3.49 
3.12 
2.76 
2.39 
2.01 

2.87 

2.54 
2.20 
1.85 


Stress. 


212.0 

199.7 
187.2 

174.7 
162. 1 

149.3 
136.3 
123.2 
109.9 

180.0 
169.8 
159.2 
148.8 
I38.I 
127.2 
1 16.3 
105.3 

93.9 
82.6 

131-2 
122.7 
II4.I 
105.3 
96.3 
87.2 

77-9 
68.6 
59.2 

103.2 
96.8 
90.1 
83.2 
76.3 
69.3 
61.9 
54.6 
47.2 

61.3 
55.8 
49.9 

^•^ 
38.2 

32.2 

45.9 
40.6 
35.2 
29.6 


I  Inch  Rivets. 


Area. 
Inchea>. 


8.67 
7.84 
7.00 


7.42 
6.72 
6.00 
5.27 


6.17 

5.59 
5.00 
4.40 
3.80 


4.92 

447 
4.00 
3.52 
3.05 

3.98 
3.63 

3.25 
2.87 
2.49 
2.09 

3-00 
2.65 
2.30 
1.93 
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TABLE  S.—ConHnued. 

Caknegib  Angles. 

Net  Areas  and  Allowable  Tension  Values  in  Thousands  of  Pounds. 

Maximum  Fiber  Stress,  16,000  Pounds  per  Square  Inch. 


Siae. 
Inchet. 

Tbldk- 
ncn, 
Incba. 

Weight 
per  Foot. 
Poimdf. 

Area, 
Incbetfi. 

Net  Aieai  and  StnMea— One  Hole  Deducted.                   | 

flnchRlveU. 

1  Inch  RiveU. 

1  Inch  RiveU.      | 

Area. 
Inched. 

Stiess. 

Area. 
Inches'. 

Stiess. 

Area, 
Inched. 

StreM. 

6X6 

} 

H 
i 

33.1 
.   31.0 
28.7 
26.S 
24.2 

9.73 
9.09 

844 
7.1 1 

8.85 
8.28 

I41.6 

I3M 
123.0 
1 13.4 
103.7 

8.96 
8.38 
7.78 

143.4 
134.I 
124.5 

"49 
105.0 

6X6 

6X6 

7.69 
7.09 
6.48 

6X6 

1 

7.18 
6.56 

6X6 

6.64 

106.2 

6X6 

A 

21.9 

643 

S.87 

93-9 

5.94 

95.0 

6.01 

96.2 

6X6 

1 

19.6 

5.75 

5-^S 

84.0 

5.3 1 

85.0 

5-37 

85.9 

6X6 

A 

17.2 

S.06 

4.62 

73.9 

4.68 

74.9 

4.73 

75.7 

6X6 

i 

14.9 

4.36 

3.98 

63.7 

4.03 

64.5 

4.08 

65.3 

6X4 

} 

27.2 

254 
23.6 
21.8 

7.98 
.     7.47 
6.94 
6.40 
S.86 

7.10 
6.66 

1 13.6 
106.6 

7.21 
6.76 

1 154 
108.2 

6X4 

H 

6X4 

4 

6.19 

5-71 
5.23 

99.0 
914 
83.7 

6.28 

100.5 
92.8 
85.0 

6X4 

4 
t 

5.80 
5-31 

6X4 

20.0 

5-39 

86.2 

6X4 

A 

18.1 

5-31 

4-75 

76.0 

4.82 

77-1 

4.89 

78.2 

6X4 

i 

16.2 

4.7s 

4-25 

68.0 

4.31 

69.0 

4-37 

69.9 

6X4 

A 

14.3 

4.18 

3.74 

59.8 

3.80 

60.8 

3.85 

61.6 

6X4 

f 

12.3 

3.61 

3.23 

SI.7 

3.28 

52.5 

3.33 

53.3 

SX3I 

1 

16.8 

4.92 

4.29 

68.6 

4.37 

69.9 

4-45 

71.2 

SX3i 

A 

15.2 

4.47 

3.91 

62.6 

3.98 

63.7 

4.05 

64.8 

SX3i 

} 

13.6 

4.00 

350 

56.0 

3.56 

57.0 

3.62 

57.9 

SX3i 

A 

12.0 

3.53 

3.09 

49-4 

3.15 

504 

3.20 

51.2 

SX3i 

f 

10.4 

3.05 

2.67 

42.7 

2.72 

43.5 

2.77 

4^.3 

SX3J 

A 

8.7 

2.56 

2.2s 

36.0 

2.29 

36.6 

2.33 

37.3 

SX3 

1 

15-7 

4.61 

3.98 

63.7 

4.06 

65.0 

4.14 

66.2 

SX3 

A 

14.3 

4.18 

3.62 

57.9 

3.69 

59.0 

3.76 

60.2 

SX3 

i 

12.8 

3.7s 

3-^5 

52.0 

3.31 

53.0 

3-37 

53-9 

SX3 

A 

n.3 

3.31 

2.87 

45-9 

2-93 

46.9 

2.98 

47.7 

SX3 

f 

9.8 

2.86 

2.48 

39.7 

*.S3 

40.5 

2.58 

41.3 

SX3 

A 

8.2 

2.40 

2.09 

33.4 

2.13 

34.1 

2.17 

34.7 

4X4 

f 

15.7 

4.61 

3.98 

63.7 

4.06 

65.0 

4.14 

66.2 

4X4 

A 

14.3 

4.18 

3.62 

57.9 

.3.69 

59.0 

3.76 

60.2 

4X4 

} 

12.8 

3.7s 

3.2s 

52.0 

3.31 

53.0 

3.37 

53-9 

4X4 

A 

"3 

3-31 

2.87 

459 

2.93 

46.9 

2.98 

47.7 

4X4 

f 

9.8 

2.86 

2.48 

39.7 

2.53 

40.5 

2.58 

41.3 

4X4 

A 

8.2 

2.40 

2.09 

33.4 

2.13 

34-1 

2.17 

34.7 

4X4 

i 

6.6 

1.94 

1.69 

27.0 

1.72 

27.5 

1-75 

28.0 

4X3 

} 

II. I 

3.25 

2.75 

4^0 

2.81 

45.0 

2.87 

45-9 

4X3 

A 

9.8 

2.87 

2.43 

38.9 

2.49 

39.8 

2.54 

40.6 

4X3 

f 

8.5 

248 

2.10 

33.6 

2.15 

34.4 

2.20 

35.2 

4X3 

A 

7.2 

2.09 

1.78 

28.5 

1.82 

29.1 

1.86 

29.8 

4X3 

i 

5.8 

1.69 

1-44 

23.0 

1.47 

23.5 

1.50 

24.0 
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TABLE  S.—CarUinued. 

Carnegie  Angles. 

Net  Areas  and  Allowable  Tension  Values  in  Thousands  ow  Pounds. 

Maximum  Fiber  Stress,  16,000  Pounds  per  Square  Inch. 


3iX3i 
3iX3i 
3iX3i 
3iX3i 
3iX3i 
3iX3i 
3iX3i 

3iX3 
3JX3 
3iX3 
3JX3 
3iX3 

3lX»J 
3lXai 
3iX»i 
3*X2i 
3iXai 


Xj 
X3 
Xj 
X3 
X3 


3  Xal 
3  X2i 
3    X»i 

»iX»J 
iiXJf 

»iX2i 

»iX»J 

2iX* 

aJXa 

2}X2 
2iX2 

2  X2 

2  X2 

2  X2 

2  X2 

2  Xii 
2  xii 

2     Xli 


Thlck- 

OCM, 

Incbet. 


f 

A 
i 
A 

I 
A 

i 

} 
A 

I 
A 

i 

i 

A 
I 
A 

i 

} 
A 

f 
A 

i 

I 
A 

i 

I 
A 

I 
A 

I 
A 

i 
A 

I 
A 

i 
A 

A 

i 
A 


Wdght 
per  Foot, 
Poundf. 


13.6 

12.4 

II.I 

9.8 

8.5 

7.a 
5.8 

10.2 
91 
7.9 
6,6 

5-4 

9.4 
8.3 
7.2 
6.1 
4-9 

9.4 
8.3 
7.2 
6.1 
4.9 

6.6 
5.6 
4-5 

5.9 
5.0 
41 
3.07 

5-3 
4-5 
3.62 

2.75 

4-7 
3.92 
3.19 
2.44 

3-39 
2.77 
2.12 


Area, 
Inchetti. 


3.98 
3.62 

3.25 
2.87 
2.48 
2.09 
1.69 

3.00 
2.65 
2.30 

1.93 
1.56 

2.75 
*.43 
2.I1 
1.78 
144 

2.75 
2.43 
2.11 
1.78 
i-U 

1.92 
1.62 
1.31 

1.73 
M7 
I.I9 
0.90 

1-55 
1.31* 
1.06 
0.81 

1.36 
i.iS 
0.94 

0.71 

1. 00 
0.81 
0.62 


Net  Areu  and  Strewej    One  Hole  Deducted. 


i  Inch  RiveU. 


Area. 
Inches'. 


3-35 
3.06 

2.75 
2.43 
2.10 
1.78 

1^4 

2.50 
2.21 
1.92 
1.62 
1.31 

2.25 

1.99 
1.73 

1.47 
1.19 

2.25 
1.99 
1-73 
147 
1.19 

1.54 
1.31 
1.06 


StroM. 


53.6 
49.0 
44.0 

38.9 
33.6 
28.5 
23.0 

40.0 

35-4 
30.7 

25.9 
21.0 

36.0 
31.8 
27.7 
23.S 
19.0 

36.0 
31.8 
27.7 
235 
19.0 

24.6 
21.0 
17.0 


}  InchRlveU. 


Area, 
Inched. 


343 
3.13 
2.81 
249 
2.15 
1.82 
147 

2.56 
2.27 
1.97 
1.66 
1.34 

ii.31 
2.05 
1.78 
1.51 
1.22 

2.31 
2.05 
1.78 
1.51 
1.22 

1-59 
1.35 
1.09 

1.40 
1.20 
0.97 
0.74 

1.22 
1.04 
0.84 
0.65 


StrcflB. 


54.9 
SO.I 
45.0 
39.8 

344 
29.1 
23.5 

41.0 
36.3 
315 
26.6 

214 

37.0 
32.8 
28.S 
24.2 
195 

37.0 
32.8 
28.S 
24.2 
19.5 

i54 
21.6 

174 

22.4 
19.2 

15.5 
1 1.8 

19.5 
16.6 

134 
104 


f  InchRlirets. 


Area, 
Inchetti. 


3.51 
3.20 
2.87 
2.54 
2.20 
1.86 
1.50 

2.62 
2.32 
2.02 
1.70 
1.37 

2.37 
2.10 
1.83 
1-55 

I.2S 

2.37 
2.10 
1.83 

1.55 

1.25 

1.64 

1.39 
1. 12 

145 
1.24 
1.00 
0.76 

1.27 
1.08 
0.87 
0.67 

1.08 
0.92 
0.75 
0.57 

0.77 
0.62 
0.48 
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TABLE  4. 
Radu  of  Gyration  of  Two  Angles  with  Equal  Legs,  Both  Axes. 


T 

Vxttl  nrr:vra»{nn 

X' ll 

'X 

Vnr  nis^anrwa                                          1 

of  Two  Ancles. 

Equal  Legs. 

1                                                    Back  to  Back. 
Y 

III 

1 

Axis  Y-Y. 

1! 

ui 

i- 

i 

Axis  Y-Y. 

Distance  Back  to  Back  in  Inches. 

Disunce  Back  to  Back  in  Inches. 

In. 

In.* 

0 

i 

A 

J_ 

J^ 

f 

1 

In. 

Io.i 

^1    » 

1  A 

1    1 

*_ 

1 

1    i 

2X2Z^ 

142 

.62 

.8« 

.93 

•95 

.99 

1.0 

41.09 

I.I4  2}x2}xi 

2.38 

.77i-os'i.i4i.i7 

1. 19 1 

•24 

1.29  1.34 

**  i 

1.88 

.61 

:ll 

.94 

•9^ 

.99 

I.O 

41.09 

I.I4 

\*  r 

3:^^ 

.76  1.06  1. 15  1. 17 

1.20 1 

•25 

1.30  1.35 

II      g 

2.30 

.60 

.95 

.981 

.00 

I.O 

5  1. 10 

i.iS 

.75  1.07  1. 16  1. 18 

1. 21 1 

.26 

1.3] 

11.36 

11     1 

2.72 

.59 

.88 

.97 

•?9i 

[.01 

1.0 

71." 

I.I6 

M          T 

4.00 

.75  1.08  1.17,1.20 

1.22  I 

.27 

1.32  1.37 

3^xJ 

(1      1 

2.88 

.93 

I.2S 

1.34 
1.36 

1.361 

[.38 

1.4 

31.48 

i.S3'3*^3W 

3.38  i.09i45'i.54!i.57 

1.59 1 

.63 

1.67  1.73 

3.56 

.92 

1.26 

1.38  ] 

.40 

1.4 

5  i-SO  I.5SI 

A 

4.18  1.08  i.47;i.56'i.58 

1.60 1 

.65 

1.69  1.74 

4.22 

.91 

1.27 

1.37 

1.391 

41 

1.4 

61.51 

1.56 

«     s 

4.96  1.07  1481.57  1.59 

1. 611 

.66;i.70|i.75  1 

«        » 
«      1 

4.86 

.91 

1.28 

1.38 

1.40  1 

[.42 

14 

71.52 

1.57 

«     jf 

5.74,1.07  1.49  1.58  1.60 

1.62  I 

.67 

1.72  1.77 

5.50 

.90 

1.29 

1.39 

1.411 

.43 

1.4 

81.53 

1.58 

"    i 

6.50 

1.06  i.5o;i.59|i.6i 

1.63  I 

.67 

1.73  1.78 

:f 

6.12 

.89 

1.30 

1.40 

1.42  1 

^45 

1.5 

[>i.54 

1.60 

-f 

'a 

1.05  1 

.51  1.60  1.62 

1.64 1 
1.661 

.69 

1.75  1.80 

6.72 

.88 

1.32 

141 

1.431 

[.46 

i.S 

II.5S 

1.62 

1.04  I 

.52  1. 61  1.63 

.70 

1.76  1.81 

ui 

i 

Axis  Y-Y. 

Disunce  Back  to  Back  of  Angles  in  Inches. 

In. 

In.« 

0 

i 

A 

1 

A 

1.84 

ft 

1 

1 

i 

z 

Ik 

«i 

43t4xi 

3.88 

1.25 

1.66 

I.7S 

1.77 

1.79 

1.82 

1.86 

1.88 

1.93 

«    1 

4.80 

1.24 

1.68 

1.76 

1.78 

1.80 

1.83 

I.8S 

1.87 

1.89 

1.94 





5.72 

1.23 

1.68 

1.77 

1.79 

1.81 

1.84 

1.86 

1.88 

1.90 

1-95 

....... 





CC        T 

6.62 

1.23 

i.^ 

1.78 

1.80 

1.82 

1.85 

1.87 

1.89 

1.92 

1.96 





7.50 

1.22 

1.70 

1.79 

1.81 

1.83 

1.86 

1.88 

1.90 

1.93 

1.97 





"t 

8.36 

I.2I 

1.71 

1.80 

1.82 

^il 

1.87 

1.90 

1.92 

1-94 

1.99 



9.22 

1.20 

1.72 

1.81 

1.83 

1.86 

1.88 

1.91 

1.93 

1.95 

2.00 



_... 

....... 

7.22 

1.56 

2.08 

2.17 

2.19 

2.22 

2.24 

2.26 

2.28 

2.31 

2.35 

....... 

....... 



8.36 

I.S5 

2.09 

2.18 

2.20 

2.22 

2.25 

2.27 

2.29 

2.32 

2.37 

....... 



9.50 

I.S4 

2.10 

2.19 

2.21 

2.23 

2.26 

2.28 

2.30 

2.33 

2.38 



C(        § 

10.62 

1-53 

2.11 

2.20 

2.22 

2.25 

2.27 

2.29 

2.32 

2.34 

2.39 

_... 





«     i 

11.72 

1.52 

2.12 

2.21 

2.23 

2.26 

2.28 

2.30 

2.33 

2.35 

2.40 



II     11 

12.80 

1.51 

2.13 

2.22 

2.24 

2.27 

2.29 

2.32 

2.34 

2.36 

241 

....... 



If     1 

13.88 

1.50 

2.14 

2.23 

2.25 

2.28 

2.30 

2.33 

2.35 

2.37 

2.42 

6i6if 

8.72 

1.88 

2.49 





2.62 

2.64 

2.66 

2.69 

2.71 

2.75 

2.80 

2.8s 

2.90 

2.94 

"t 

10.12 

'll 

2.50 



2.63 

2.6s 

2.67 

2.69 

2.72 

2.76 

2.81 

2.86 

2.91 

2.95 

"•50 

1.86 

2.51 





2.64 

2.66 

2.68 

2.71 

2.73 

2.77 

2.82 

2.87 

2.91 

2.96 

u  i* 

12.86 

i.8s 

2.52 





2.65 

2.67 

2.70 

2.72 

2.74 

2.79 

2.84 

2.88 

2.93 

2.98 

it 

14.22 

1.84 

2.53 



2.66 

2.68 

2.71 

2.73 

2.75 

2.80 

2.85 

2.89 

2.94 

2.99 

u  t* 

15.56 

1.83 

2.53 





2.67 

2.69 

2.71 

2.74 

2.76 

2.81 

2.85 

2.90 

2.95 

3.CX) 

M 

16.88 

1.83 

2-55 



2.68 

2.71 

1-73 

2.76 

2.78 

2.83 

2.88 

2.92 

2.97 

3.02 

l< 

19.46 

1.81 

2.57 



2.70 

2.73 

2.75 

2.77 

2.80 

2.85 

2.90 

2.94 

2.99 

3.04 

"   I 

22.00 

1.80 

2.59 



2.72 

2.75 

2.77 

2.79 

2.82 

2.87 

2.92 

2.97 

3.01 

3.06 

8x8x} 

15.50 

2.51 

3.32 





i^ 

^•^I 

3.49 

3.52 

3.54 

3.S8 

3.63 

3.67 

3.72 

3-77 

::  ft 

17.36 

2.50 

3.33 



3.48 

3.50 

3.53 

3.55 

3.59 

3.64 

3.68 

3-73 

3.78 

19.22 

2.49 

3-34 



^'^l 

3.49 

3.51 

3.53 

3.56 

3.60 

3.64 

3.69 

3-74 

3.78 

"  t* 

21.06 

2.48 

335 





348 

3.50 

3.52 

3.54 

3.57 

3.61 

3.65 

3.70 

3.75 

3-79 

II 

22.88 

247 

3.36 





349 

3.51 

3.53 

3.56 

3.58 

3.62 

3.67 

3.7* 

3.76 

3.81 

II 

2646 

2.45 

3.38 

3.51 

3-53 

3.55 

^•|? 

3.60 

3.64 

3.69 

nt 

3.78 

3.83 

"  I 

30.00 

2.44 

3.40 





3-53 

3.55 

3-57 

3.60 

3.62 

3.67 

371 

3.81 

3.86 

"  It 

33.46 

242  1  3.42 

' »3.55 

3.57  1  3.60 

3.62  1  3.64 

3.69 

3.74 

3.79 

3.83 

.388 
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TABLE  5. 
Radu  of  Gyration  of  Two  Angles  with  Unequal  Legs,  Both  Axes. 

Long  Legs  Out. 


Radii  of  Gyration 

of  Two  Angles, 

Long  Legs  Turned  Out. 


-'^P^' 


For  Distances 
Measured  from 
Back  to  Back. 


W3< 


8-0  8 


In. 


2}Z2X^ 


In.* 


1.62 
2.12 
2.62 
3.10 
3.56 

2.88 
3.56 
4.22 
4.86 
5.50 
3.38 

4.96 

6.50 

7.96 


AxJ»Y-Y. 


Distance  Back  to  Back  in  Inches. 


1. 10 

1. 11 
I.I2 

I.I4 

1.60 
I.61 
I.61 
1.62 

1.77 
1.79 
1.80 
I.8I 
1.82 
1.83 
1.84 


1.22 
1.23 
1.24 
I.2S 
1.26 

1.69 
1.70 
1.72 
1.73 

1-74 
1.89 


I   I   i 


88  1.90 

891.91 

90 

92 

93 

94 


1.92 
1.94 

1-95 
1.96 


,241.29 
25  1.30 


t    I    i 


1.34I1.38 
1.36  140 


1.31 
1.32 
1.33 
1.76 
1.77 
1.79 
1.80 
1.81 

1.96 
1.97 
1.98 

1-99 
2.01 
2.02 
2.03 


1-37 
1.38 
1.39 


1.42 

1.44 
146 


1.81  1.86 

1.82:1.88 
1.84  1.89 
1.85I1.90 
1.86  1. 91 


2.01 
2.02 
2.03 
2.04 
2.06 
2.07 
2.08 


2.06 
2.07 
2.08 
2.09 
2.11 
2.12 
2.14 


•B8 


In. 
3X2jxl 

■  t 

■  t 

■■t 


9$ 


In.> 


2.62 
3.24 
3.84 


5.00 

3.12 
3.86 
4.60 
S.30 

6.00 
4.80 
5.72 
6.62 
7.50 
8.36 
9.22 
10.06 


AxU  Y-Y. 


Distance  Back  to  Back  in  Inches. 


I.3I 
1-32 
1.33 
1.34 
1.3s 
1.52 
1.52 
1.53 
I.S4 
i.SS 
2-33 
2.34 
2.3s 
2.36 
2.37 
2.39 
2.40 


i 


1.40 
141 
143 
144 
1.4s 
1.61 


1.42 
1.43 

1.46 

M7 

1.63 

i.6i'i.64 

1.62  1.65 

1.63  1.66 
1.65  1. 68. 1. 70 

2.42  245  2.47 
2.432462.48 
2.45247,2.49 
2.462482.50 


I    I    i 


1.451 
1.46;! 
1.48  I 

1.49 
1.50 

1.65 
1.66 
1.67 
1.68 


f 


247 
2.48 
2.49 


2.49 
2.51 
2.52 


2.52 
a.S3 
2.54 


.50  ^'SS  1-59 

.51  1.56  1.60 
.53  1.58  1.62 


i 


1.59  1.64 

1.60  1.65 


1.76 

1.77 
1.78 
1.80 

2^-57 
2.58 
2.59 


55  i-6o 

57 

58 


59 


1.79 
1.81 
1.82 
1.83 
1.8S 
2.62 
2.63 
2.64 
2.65 


2.6i'2.6S 
2.63  2.68 
2.64!  2.69 


"38 

II 


< 


In. 


In.* 


5.12 

1.03 

6.10 

1.02 

7.06 

1. 01 

8.00 

1. 01 

8.94 

1.00 

9.84 

.99 

10.74 

.98 

11.62 

.98 

7.22 

1. 17 

8.36 

1.16 

9.50 

1.15 

10.62 

1. 14 

11.72 

1.13 

12.80 

1.13 

n.88 

1. 12 

15.96 

I. II 

18.00 

1.09 

11. 86 

1.80 

13.50 

1.79 

15.12 

1.78 

16.72 

1.77 

18.30 

1.77 

19.88 

1.76 

22.96 

1.74 

26.00 

1.73 

AxisY-Y. 


Distance  Back  to  Back  of  Axigles  in  Inches. 


2.26 
2.27 
2.28 
2.29 
2.30 
2.31 
2.32 
2.33 

2.74 
2-75 
2.76 

2.77 
2.78 
2.79 
2.80 
2.82 
2.85 

3.56 

3-57 
3.58 

3.59 
3.60 
3.62 
3.64 


i 


2-35 
2.36 

2.37 
2.38 
2.39 
2.40 
241 
2.43 
2.83 
2.84 
2.85 
2.86 
2.87 
2.89 
2.90 
2.92 
2.95 


2.37 
2.38 
2.39 
241 
2.42 
2.43 
2.44 
2.46 

2.85 
2.86 
2.88 
2.88 
2.89 
2.91 
2.92 
2.94 
2.97 


i 


2.39 
2.40 
241 
2.43 
2.44 

2.46 
2.48 
2.87 
2.88 
2.90 
2.91 
2.92 
2.94 
2.95 
2.97 
2.99 
3.68 
3.69 
371 
3.71 
3.72 

3.73 
3.76 
3.78 


242 

2.43 
2.44 

2.46 
2.48 

249 
2.51 

2.90 
2.91 
2.92 
2.93 

2.94 
2.96 
2.97 
2.99 
3.02 

3.71 
3.71 
3-73 
3.74 
3-75 
3.76 
3.78 
3.80 


i 


2.44 
2.45 
2.46 
2.48 
249 
2.50 
2.51 
2.53 
2.92 
2.93 
2.95 
2.96 
2.97 
2.98 
2.99 
3.01 
3.04 

3-73 
3-74 
3.75 
3.76 

3-77 
3.78 
3.81 
3.82 


2.47 
2.48 
2.49 
2.50 
2.51 
2.52 
2.53 
2.5s 
2.94 
2.95 
2.97 
2.98 
2.99 
3.01 
3.02 
3.04 
3.07 

3-75 
3.76 

3-77 
3.78 

3.79 
3.80 

3.83 
3.85 


I 


2.49 
2.50 
2.52 
2.53 
2.54 

2.56 
2.58 

2.97 
2.98 

2.99 
3.00 
3.01 
3.03 
3.0A 
3.06 
3.09 

3.77 
3.78 
3.80 
3.81 
3.82 
3.82 
3.85 
3.87 


I 


2.54 

2.56 
2.58 

2.59 
2.60 
2.61 
2.63 
3.01 
3.02 
3.04 
3.05 
3.06 
3.08 
3.09 
3.11 

314 
3.82 
3.83 
3.84 

3.85 
3.86 
3.87 
3.90 
3.92 


I 


3.87 
3.88 
3.89 
3.90 

3-91 
3.92 

3.95 
3.97 


3.91 
3.92 
3.94 
3.95 
3.96 

3-97 
3-99 
4.02 


»l 


3.96 
3-97 
3-99 
4.00 
4.01 
4.02 
4.04 
4.07 


4.01 
4.02 
4-03 
4-<H 

4.06 

4.09 
4.12 
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TABLE  6. 

Radu  of  Gyration  of  Two  Angles  with  Unequal  Legs,  Both  Axes. 
Short  Legs  Out. 


Radii  oT  Gynuion 

of  Two  Angles, 

Short  Legs  Tnraed  Out. 


-IF 


For  Distance* 
Measured  from 
Back  to  Back. 


In. 


u\ 


In.« 


2}X2ZV 


1.62 
2.12 
2.62 
3.10 
3.56 

2.88 

3-5^ 
4.22 
4.86 
S-So 
3.38 
4.18 
4.96 

F^ 
0.50 

7.24 

796 


Axis  Y-Y. 


Distance  Back  to  Back  in  Inches. 


.79 

.78 

.7«! 

.76 
1. 12 
I. II 

I.IO 

1.09 
1.09 

1.28 1 

i.27r 
1.26  I 


I.2S 
1.25 
1.24 
I^ 


.79 
.80 
.81 
.81 
.82 

.96 

.97 
.98 

.99 
.16 

17 
17 


.89 

•91 
.92 

.93 
1.04 
1.0S 
1.07 
1.07 
1.08 


1.24 
1.26 

i8|i.27 
.20  1.28 


I 

I.2I|I.30 

I.22II.3I 


.90 
.91 

•93 

.94 

•95 

1.06 

1.08 

1.09 

I.IO 

I. II 

1.27 
1.28 
1.28 
1.29 
1.31 
1.32 
1.33 


I 


.92 
•93 
•95 
.96 

•97 
1.09 

I.IO 

1. 11 

1. 12 
1.13 
1.29 
1.30 
1.3 1 
1.32 
1.33 

1.36 


.96 
.98 
1.00 
1. 01 
1.02 
1.13 

1. 16 
1.17 
1.18 

1-34 

1.36 
1.36 
1.38 


I 


1.02 
1.04 

1.06 
1.07 
1.18 
1.20 
1.21 
1.22 
1.23 
1.38 
1.39 
1.40 
1.41 
143 


140J1.45 
i.4i|i-46 


! 


1.07 
1.09 

I.IO 

I. II 
1.13 
1.23 
1.24 
1.26 
1.27 
1.29 

1.43 
1^44 

1.46 
148 
1.50 

LSI 


'Si 
.SI 


In. 


3X2}xi 


U} 


ln.« 


2.62 
3.24 
3.84 


5.00 
3.12 
3.86 
4.60 
S.30 

6.00 
4.80 

S.72 
6.62 
7.50 
8.36 
9.22 
10.06 


.95 
.94 
.93 
.92 
.91 
I. II 

I.IO 

1.09 
1.08 
1.07 
1.61 
1.61 
1.60 

1-59 
1.S8 

1.56 


AjusY-Y. 


Distance  Back  to  Back  in  Inches. 


i       ft 


1.00  I.( 

1.01  I. 


.09 

10 
1.02  I.I  I 
.12 
14 
29 


1.03 
1.04 
1.20 
1.22 
1.23 
1.23 
1.24 
1.09 
1.09 
I.IO 

1. 11 

1. 12 
I.I4 
I.I5 


1. 11 

1. 12 
I.I4 

1. 16 
1.3 1 
1.32 

1-33 

1.36 
1.20 
1.21 
1.22 
1.23 
1.24 
1.26 
1.27 


*   IJ_    * 


1.18 
1.19 


.13 

.14 

.16:1.21 

.17  1.22 
1.23 
1.38 


.18 


1.39 
1.40 
1. 41 
^•43 
1.26 
1.27 
1.29 
1.30 
1.31 
1.33 
1-34 


1.23 

1.26 
1.27 
1.28 

1-43 
1.44 

1.46 
1.48 
1.31 
1.32 
1.34 

1.36 
1.38 
1.39 


1.28 
1.29 
1.31 
1.33 
1.34 
1.48 

149 
1.50 

1.51 
1^53 
1.36 
1-37 
1.39 
1.40 
1.41 
143 
1.44 


I 


In. 


In.* 


6x4x1 

1 


t 


8z6xA 


6.10 
7.06 
8.00 
8.94 
9.84 
10.74 
11.62 

7.22 
8.36 
9.50 
10.62 
11.72 
12.80 
13.88 
15.96 
18.00 
11.86 
13.50 
15.12 
16.72 
18.30 
19.88 
22.96 
26.00 


1.61 
1.60 

1.59 

1.58 

1.56 
1.56 
1-55 
1.93 
1.92 
1.91 
1.90 
1.90 
1.89 
1.88 
1.86 
1.8s 

2.57 
2.56 
2-55 
2.54 
^•54 
a.S3 
2.51 

1.49 


Axis  Y-Y. 


Distance  Back  to  Back  of  Angles  in  Inches. 


1.33 
1-34 

1.36 
1-37 
1.38 
1.38 
1.40 
1.50 
1.50 
1.51 
1.52 
1.53 

1.56 

1.60 
2.31 
2.32 

2.33 
2.34 

a-34 
M5 
2.37 
2.39 


1.41 
1.42 

1-43 
1.44 

1.46 

1-47 
149 

58 
59 
60 
,61 
62 
,63 


69 


1.43 
1.44 
1-45 
1.47 
1.48 
1.49 
1.50 
1.51 
1.60 
1.61 
1.62 
1.63 
1.64 
1.66 
1.67 
1.69 
1.72 


1.46 
1.46 

147 
1.49 
1.50 
1.51 
1.52 
154 
1.62 
1.63 
1.65 
1.66 
1.67 
1.68 
1.69 
1.71 
1-74 

*-43 
2.44 
2.46 
2.46 

2.47 
2.48 
2.51 
2.52 


1.48 
1.49 
1.50 
1.51 
1.52 
1-53 

1:1J 
\^ 

1.67 

1.68 
1.69 
1.71 
1.72 
^•74 
1.77 

2.46 
2.48 
2.49 
2.49 
2.50 
2.53 
^•54 


i 


1.50 
1.51 
1.52 
1-54 

1.56 
1.57 
^•59 
1.66 
1.68 
1.69 
1.70 
1.71 
^•73 
1.74 
1.76 

1.79 

^•47 
2.48 
2.50 
2.51 
2.52 
2.52 

a.55 
2.57 


1.52 
1^53 

1.56 

1.57 
1.58 

1.59 
I.6I 

1.69 

1.70 

I.7I 

1.72 
1-73 
1.75 
1.76 
1.79 
1.82 

2.49 
2.51 
2.52 
«.53 
a.54 
a.55 
a.57 
2.59 


f 


1.56 

1-57 
1.58 

1.60 
1.62 
1.63 

1.71 
1.72 
1.74 

1.76 

1.77 
1.79 
1.81 
1.84 
2.52 
a.53 

^•54 

2.56 
2.57 
2.59 
2.62 


! 


1.60 
1.62 
1.63 

;:^ 

1.67 

1.69 

1.76 

^'77 
1.78 

1^79 
1.81 
1.82 
1.8^ 
1.86 
1.89 
2.56 
2.57 
2.59 
2.60 
2.61 
2.62 
2.64 
2.66 


2.61 
2.62 
2.63 
2.64 
2.65 
2.66 
2.69 
2.71 


i| 


xi 


2.66 
2.66 
2.68 
2.69 
2.70 
2.71 

2.70 


2.70 
2.71 
2.73 
2.74 
a.75 
2.77 
2.79 
2.81 


2.76 

2.77 
2.79 
2.80 
2.81 
2.83 
2.86 
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TABLE  7. 

Buckle  Plates. 

american  bridge  company  standard. 


U j^.L...^ 4--— ifj* h — -^ 1 >!<^   -^dh- 


I 

2 

3 
4 

I 

7 
8 

9 

10 

II 

12 

13 
19 

20 
21 
22 
23 
24 
25 
26 

27 
28 

29 

30 
31 
32 
33 
34 


Size  of  Buckle. 


Sidel. 
Ft.-In. 


3-1 1 
4-6 
3-II 
3-6 

3-9 
3-  I 

3-  9 
3-8 
2-  8 
3-8 

2-  2 

3-8 

3-  o 
2-  9 
2-  6 
2-  9 

2-  6 

3-6 

3-  9 
3-  2 
3-  I 
3-0 

2-  6 
2-  O 

3-6 
4-0 


Side  b. 
Ft.-In. 


4-6 
3-II 
3-6 
3-1 1 
3-  9 
3-  9 
3-  I 
3-8 
3-8 
2-  8 
3-8 

2-  2 

3-  o 

2-  9 
2-  9 
2-6 

2-  6 

3-6 

3-  S 
3-  9 
3-6 
3-  I 
3-  2 

3-  I 

3-  o 

2-  O 
2-  6 

5-  6 

4-  o 


Rised, 
In. 


3* 

3 

3 

3 

3  . 

3 

2 

2 
2 

2 
2 
2 

•! 

3 
3 
3 
3 
3 
3 
3 

ii 

2j 

3* 
3 


RadU  of  Buckle. 


Sidel. 
Ft.-Iii. 


6-8f 
8-9* 
7-  9* 

7-ii 

4-ioi 

7-  1} 

lO-  2 

S-  5 

lO-  2 

3-  7i 

lO-  2 

6-IO 
3-ioi 

j:1 

3-ioi 

pit 

4-iof 
4-7f 

3-ioi 

tl 


5 


Sideb. 
Pt.-Iji. 


:.I! 


Number 
of 

Buckles 
in  One 
Plate. 


to  lO 
to  8 
to  8 
to  II 
to  8 
to  14 
to  8 
to  10 
to  II 
to  12 
to  II 
to  12 
to    9 


to  10 
to  ID 
to  ID 
to  12 
to  IS 
to  S 
to  9 
to    7 


Widths  of  Flanges  and  Fillets. 


End  Flanges 
11.1s. 


11-2 

3-5 


1}^ 


i-S 

1^ 


FiUeU 
Is. 


B 


s 

a 

O 


U 

6 

J 
2 


Side  Flanges 
bi.  bs. 


cs   O   ^ 
Or  W  ♦^ 

•R  ^  ^£ 

c«  o  O  « 
c«   •*  C 

-  «,5 

o  t:  c 

!2  °  « 
*S  «).fi 

-Jill 

•S*o*i 


Plates  are  steel  i",  A",  I"  or  A"  thick. 

Plates  of  greater  length  than  eiven  in  table  may  be  made  by  splicing  with  bars,  angles,  or  tees. 

All  plates  are  made  with  buckles  up,  unless  otherwise  ordered.  When  buckles  are  turned  down, 
a  drain  hole  should  be  punched  in  the  center  of  each  buckle  and  should  be  shown  on  sketch. 

Buckles  of  different  sizes  should  not  be  used  as  it  increases  the  cost  of  the  plate. 

Connection  holes  are  generally  for  f",  f"  or  J"  rivets  or  bolts.  Different  sized  holes  in  same 
plate  will  increase  the  cost  of  the  plate. 

Spacing  for  holes  lengthwise  of  plate  should  be  in  multiples  of  3"  and  should  not  exceed  12". 
Odd  spaces  to  be  at  end  of  plate  and  in  even  i".    Minimum  spacing  crosswise  4)",  usually  6". 

Die  number  must  be  shown  on  drawings. 

Sketches  for  Buckle  Plates  should  indicate  allowable  overrun  in  length  and  width. 
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TABLE  8. 
Properties  of  Column  Sections. 


T^  ChanhelB  Laoed. 

>"|i — r — f  —A 
III     1    * 

Fiances 
Turned  In. 

rtiywn^la- 

Total 
Area. 

Momento  of  Inertia  and  Radii  of  Gyration.                                      | 

AziiA-A. 

Axis  B-B. 

Distance  Back  to  Back  of  Channels  In  Inches  -  b. 

Depth. 

Wt. 

7i 

8* 

9\ 

10* 

"»     1 

Ia 

'A 

Ib 

ra 

Ib 

rto 

Ib 

ra 

Ib 

ra 

Ib 

Tb 

In. 

Lb. 

In.> 

In.* 

In. 

In.* 

In. 

In.* 

In. 

In.* 

In. 

In.* 

In.. 

In.* 

In. 

I 

975 

I2.2S 

5.70 
7.20 

42.2 
48.4 

2.72 
2.59 

60.5 
77.1 

3.26 

3.27 

80.2 
102. 1 

375 
3.77 

102.7 
130.7 

» 

128. 1 
162.9 

t'rJ 

156.3 
198.7 

S-*4 
S»7 

7J 

8J 

9i 

io| 

Hi       1 

8 
« 

II. 25 

1375 

6.70 
8.08 

64.6 

72.0 

3.10 
2.98 

Si 

3.24 
3.25 

93.1 
"33 

3.73 
3.74 

I19.4 
145.2 

4.22 
4.23 

149.0 
181. 1 

4.72 
4.73 

182.0 
221.0 

523 

8} 

9J 

io| 

II* 

I2i           1 

13.25 
15.00 
20.00 

7.78 

8.82 

11.76 

94,6 
I0I.8 
121.6 

3.49 
3.40 
3.21 

106.8 
122.0 
162.9 

3.70 
3.72 
3.72 

137.1 
156.5 
208.9 

4.20 
4.21 
4.22 

171.2 

4.69 

471 
471 

209.3 
238.7 
318.6 

5.18 
5.20 
5.20 

251.3 
286.4 

382.3 

S.68 
S-70 
S-70 

9i 

io| 

"i 

12J 

I3J           1 

10 

c< 

c< 

15.00 
20.00 
25.00 

8.92 
11.76 
14.70 

133.8 

157-4 
182.0 

1:^ 

3.52 

155.3 
207.4 
257.5 

4.17 
4.20 
4.18 

194.2 
259.0 
321.9 

4.68 

237.6 
316.5 
393.7 

5.16 

5-19 
5.18 

285.4 

379.9 
472.8 

5.66 
5.68 
5.67 

3377 
449.2 
559.2 

6.15 
6.18 
6.17 

1 

oi 

"4 

12J 

I3i 

I4i         1 

12 
« 

20.50 
25.00 
30.00 
35.00 

12.06 
14.70 
17.64 
20.58 

256.2 
288.0 

323.4 
358.6 

4.61 

4.43 
4.28 

4.17 

257.1 
316.3 

379.3 
439.0 

4.62 

4.64 
4.63 
4.62 

314.9 
387.2 
464.4 
537.9 

5." 
5.13 
5.13 
5.12 

378.8 
465.4 
558.3 
647.1 

5.59 
5.62 

5.63 
5.61 

448.7 

766.6 

6.10 

6.12 
6.12 

6.10 

524.6 
644.0 

iP4 

6.62 
6.60 

I2i 

13J 

I4i 

15J 

16J    1 

cc 
(( 

33.00 
35.00 
40.00 
45.00 

19.80 
20.58 

625.2 
640.0 
695.0 
750.2 

5.62 
5.57 
5.44 
5.32 

605.9 
630.7 
721.7 
810.6 

5-53 
5.54 
5.54 
5.53 

718.9 
748.2 
856.2 
961.9 

6.02 
6.03 
6.03 
6.02 

841.7 

876.0 

1002.4 

1 1 26.4 

6.52 
6.52 
6.51 
6.52 

974.5 
1014.2 
1160.4 
1304.1 

7.02 
7.02 
7:03 
7.02 

1117.* 
1 162.6 

i3jo.a 
M9SI 

7.51 
7.52 
7.52 
7.52 

The  table  given  above  is  intended  to  serve  only  as  a  guide  in  the  choice  of  sections,  and  not  as  a 
complete  uble.    For  additional  values,  see  Ketchum's  "Structural  Engineers'  Handbook." 
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TABLE  9. 
Propbrtibs  of  Ccnlumn  Sbctions. 


TNvo  ChazmeU  Laoed. 

"a  life 

•  1       1       •  • 

TuniedOttt. 

Channels. 

Total 
Area. 

MomenU  of  Inertia  and  Radii  of  Gyration. 

Web 
of 

nel. 

Gam. 

Max. 
Rivet 

AxisA-A. 

AadaB-B. 

Depth. 

Weight. 

Distance  Inside  to  Inside  of  Webs  in 
Inches  -  b'. 

4i 

51 

61 

Ia 

TA 

Ib 

rs 

Ib 

'B 

Ib 

rB 

t 

s 

h 

In. 

Lb. 

In.« 

In.* 

In. 

In.« 

In. 

In.« 

In. 

In.« 

In. 

In. 

In. 

In. 

In. 

.? 

975 
I2.2S 

5.70 
7.20 

42 
48 

2.7« 
»S9 

43 
SI 

2.73 
2.65 

59 
71 

3.22 
3:H 

79 
95 

3.72 
3.64 

i 

I 

i^ 

il 

4i 

5i 

6i 

8 

11.25 

13.75 
16.25 

6.70 
8.08 
9.56 

65 
80 

3.10 
1.98 
2.89 

47 

53 
57 

2.65 
2.57 
2.45 

66 

'a 

2.94 

88 
102 

1X2 

3.63 
3-55 
3.43 

1 

I 

1 

i 

61 

7i 

81 

1 

2 

« 

13.25 
15-00 
20.00 

7.78 

8.82 

11.76 

95 
102 
122 

3-49 
3.40 
3.21 

21 
106 

131 

3.55 
3-47 
3.34 

127 
138 
172 

4.04 
3.95 
3.83 

160 

175 
220 

4-54 
445 
4.32 

i 

« 

1 

i 

u 
it 

6 

7 

8 

1 

10 
« 

« 

15.00 
20.00 
25.00 

8.92 
11.76 
14.70 

134 
157 
182 

3.66 
3S» 

107 
129 

150 

3.46 
3.31 
3.19 

140 
170 
199 

3-95 
3.80 
3.68 

176 
256 

444 
4.29 

4.17 

li 
i| 

I 

IC 

8 

9 

10 

1 

12 

20.50 
25.00 
35.00 

12.06 
14.70 
20.58 

^1 

3S9 

4.61 
4-43 
4-17 

353 

4-47 
4-37 
4.14 

296 
348 
441 

4.96 
4.87 
4.63 

358 
423 
541 

545 
5.36 
5.13 

1  ^ 

I 
2 

i 

9i 

io| 

iij 

1 

33.00 
45.00 
55.00 

19.80 
26.48 
32.36 

62s 

S.62 

S.3» 
S.16 

IS 
758 

5.22 
4.84 

646 
796 
920 

5.68 
5.48 
5.33 

763 

946 

1098 

6.18 

It 

3 

2A 

I 

tt 
u 

The  table  given  above  is  intended  to  serve  only  as  a  euide  in  the  choice  of  sections,  and  not  as 
a  complete  table.    For  additional  values,  see  Ketchum'a    Structural  Engineers*  Handbook." 
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TABLE  10. 
Properties  op  Starred  Angles. 


Two  Angles  Starred, 
Equal  Legs. 


A 


Values  for  Axis  A-A  same 
as  in  Tables* 


Siseof 
Angles. 


Total 
Area. 


Least 
Radius 
of  Gy- 
raticm. 


Two  Angles  Staned. 
Unequal  I 


Values  for  Axes  A-A  & 

B-B  same  as  in  Tables 

5  &  6,  respectively. 


Size  of 
Angles. 


Total 
Area. 


Radius 
of  Gy- 
ration. 


re 


Four  Angles  Starred, 
Equal  Legs. 


Size  of 
Angles. 


Total 
Area. 


Radius 
of  Gy- 
ration. 


ta 


Pour  Andes  Starred, 
Unequal  Legs. 


Size  of 
Angles. 


Total 
Area. 


Radius  of 
Gyration. 


Axis 
A-A. 


ta 


Axis 
E-B. 


In. 


In.> 


In. 


In. 


In.s 


In. 


In.s 


In. 


In. 


In.« 


In. 


In. 


2Z2z} 

"  } 

2}x3jxJ 

3X3X 

«   I 

«  1 

«  J 

6x6x 

«  i 

« 
« 

8z8zi 


1.88 
2.72 

2.38 
3.46 

2.88 
4.22 
5.50 
6.72 

3.38 
J.96 
0.50 
7.96 

3.88 
5.72 
7.50 
9.22 

7.22 

9.50 

11.72 

13.88 

8.72 
11.50 
14.22 
16.88 
19.46 
22.00 

15.50 
19.22 
22.88 
26.46 
30.00 


77 
.74 

.97 
•95 

1. 16 
1.13 
1. 10 

1.37 
1-35 
1.33 
1.31 

T.58 
1.56 

1.53 
1.51 

1.98 

1-95 
1.92 
1.89 

2.37 
2.35 
2.33 
2.30 
2.28 
2.26 

3.17 
3.14 

3-12 

3.09 
3.07 


2}x2zi 

3X2jxj 
3i?33cJ 


4x3x: 


S^3^ 


5x?W 
"  i 

"  i 

6x4x1 


"  I 
8x6xi 


2.12 
3.10 

2.62 
3.84 

3.12 
4.60 
6.00 
7-34 

J.96 
6.50 
7.96 

5.72 

7.50 

9.22 

10.88 

6.10 

8.00 

9.84 

11.62 

7.22 
9.50 
11.72 
13.88 
15.96 
18.00 

13-50 
16.72 
19.88 
22.96 
26.00 


.73 
.78 

.00 
.00 

.22 
.20 
.18 
.16 

.23 
.21 
•19 
.17 
.16 
.16 
.15 
.15 

.37 
.35 
•34 
•33 

.56 
•55 
•55 
54 
54 

2.39 
2.38 
2.36 

2.35 
2.34 


2X2xi 

"   f 

2jx2}xl 


3x3X1 


3ix2ixj 

-"1 

4^i 


■  \ 

6x6x1 


3.76 

5-44 
^.76 
6.92 

5.76 

8.44 

11.00 

1344 

6.76 

9.92 

13.00 

15.92 

7.76 

11.44 
15.00 
18.44 

14.44 
19.00 

23-44 
27.76 

17.44 
23.00 
28.44 
33-76 
38.92 
44.00 

31.00 
38.44 
45-76 
52.92 
60.00 


.85 
.88 

1.05 
1.07 

1.25 
1.27 
1.29 
1.32 

1-45 
1.48 
1.50 
1.52 

1.66 
1.68 
1.70 
1.72 

2.08 
2.10 
2.12 
2.14 

2.49 
2.51 
2-53 
a.55 
^•57 
2-59 

3.32 

3-34 
3-36 
3-38 
3-40 


2ix2xi 

"  I 

3X2jxj 

3Jx3x} 
«« 

it    i 
"  i 

«   J 

Sxjixj 

it        '1 

6x4xj 


"  I 

8z6zi 


6.20 

5.24 
7.68 

6.24 
9.20 

12.00 
14.68 

6.76 

9.92 

13.00 

15.92 

11.44 
15.00 
18.44 
21.76 

12.20 
16.00 
19.68 
23.24 

14.44 
19.00 

23.44 
27.76 
31.92 
36.00 

27.00 

33-44 
39.76 

4592 
52.00 


I. II 
I-I3 
1.31 
1.33 
1.52 
153 
1.55 
1.57 

1-77 
1.80 
1.82 
1.84 

2.34 
2.36 

2.39 
2.41 

2.27 
2.29 
2.31 
2.33 

2.74 
2.76 
2.78 
2.80 
2.82 
2.85 

3.56 
3.58 
3.60 
3.62 
3.64 


.80 
.81 

1.00 
1.02 

1.20 
1.23 

1.26 

1.16 
I.17 

1.20 
1.22 

1.09 
I. II 

1-34 
1.36 
1.38 
1.40 

1.50 
1.51 

1.56 
1.58 
i.6d 

2.32 
233 
2.35 
2.37 
2.39 


For  unequal  lee  angles,  the  angle  between 
B-B  &  C-C  varies  between  10"  &  34®. 
Tie  plates  for  unequal  leg  aneles  =  j". 


When  angles  are  not  in  contact,  use  tables  4, 
5,&6. 
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TABLE   11. 
Properties  of  Four  Angles  Laced. 


f 

^.    i._ 

« — ill — '     *- 

1 

Ptopnties                                           ^              f                          For  Equal  Legs  and 

of                                         A C -   ;                            Unequal  Lega  with 

Four  Angles  Leoed.                       -*^        ?          *4                       Long  Legs  Turned  Out. 

B 

Four 
Angles. 

Total 
Aiea. 

Moments  of  Inertia  and  RadU  of  Gyratkm.                                            | 

AxisB-B. 

AadsA-A. 

Thickness  of  2  Ladng 
Bars-I. 

Distance  Back  to  Back  of  Angles  In  Inches- tf. 

a  Bars 

A    3  Bars 

«* 

xoi 

"» 

14* 

i6» 

Ib 

tb 

Ib 

rs 

Ia 

ta 

Ia 

ta 

Ia 

'a 

Ia       Fa 

Ia 

tK 

In. 

In.« 

In.< 

In. 

In.* 

In. 

In.« 

In. 

In.« 

In. 

In.* 

In. 

In.«      In. 

In.* 

In. 

3Mjx| 

5.24 

12 

1.50 

13 

1.55 

71 

3.68 

113 

4.64 

167 

5.64 

231 

6.64 

305 

7.63 

7.68 

18 

1-53 

19 

1.58 

100 

3.61 

162 

4.59 

240 

5-59 

333 

6.58 

440 

7.58 

«< 

10.00 

24 

1-55 

26 

1.60 

128 

3.57 

208 

4.56 

308 

5.55 

428 

6.54 

567 

7.54 

4X3X 

9.92 

39 

1.98 

41 

2.03 

127 

3.5B 

206 

4.56 

305 

5-55 

423 

6.53 

561 

7.52 

13.00 

53 

2.01 

55 

2.06 

162 

3.53 

264 

4.51 

392 

549 

546 

6.48 

725 

748 

(C 

15.92 

66 

2.04 

69 

2.08 

193 

3.48 

317 

4.46 

472 

5.44 

659 

6.43 

879 

742 

2  Bars 

2  Bars 
ft"  =  J" 

loi 

I2i 

I4i 

I6i 

18J 

3ixji. 

9.92 

27 

1.66 

29 

I.71 

190 

4.38 

284 

5-34 

398 

6.34 

532 

7.32 

685 

8.31 

13-00 

Zl 

1.69 

39 

1.73 

243 

4.32 

365 

5.30 

513 

6.28 

687 

7.27 

887 

8.26 

15.92 

46 

1.70 

49 

1.76 

291 

4.27 

440 

5.26 

619 

6.23 

831' 

7.18 

1075 

8.21 

4X4X 

11.44 

39 

1.86 

42 

I.91 

211 

4.29 

316 

5.25 

444 

6.22 

596 

7.22 

770 

8.20 

15.00 

53 

1.88 

56 

1.93 

271 

425 

408 

5.22 

575 

6.19 

772 

7'^7 

999 

8.16 

18.44 

67 

1. 91 

71 

1.96 

325 

4.20 

491 

5.16 

695 

6.14 

935 

7.12 

1213 

8.1 1 

» 

2  Ban 
ft"  -  i" 

2  Bars 

i"  -  i" 

loi 

I2i 

I4i 

i6i 

18J 

Sxjir 

12.20 

1^ 

2.50 

79 

2.55 

248 

451 

367 

S.48 

5" 

6.47 

679 

7.46 

872      8^5 

16.00 

102 

2.53 

106 

2.58 

318 

4.46 

472 

5.43 

659 

6.41 

878 

7.41 

1129 

8.40 

« 

19.68 

128 

2.55 

133 

2.60 

382 

4.40 

571 

5.39 

800 

6.37 

1067 

7.36 

1374 

8.36 

6x4x 

19.00 

170 

2.99 

176 

',3 

370 

4.41 

55' 

5-39 

770 

6.36 

1027 

7.35 

1321 

8.34 

« 

2344 
27.76 

213 

301 

220 

448 

4-37 

669 

5.34 

937 

6.32 

1252 

7.32 

1614 

8.30 

257 

3.04 

265 

309 

517 

4.32 

777 

5.29 

1092 

6.27 

1462 

7.26 

1888 

8.24 

The  above  t 

able  is  intended  to  serve  only  as  a  euide  in  the  choice  of  sections  and 
addrtional  values,  see  Ketchum's  ^*  Structural  Engineers*  Handbook 

not  as  a  com- 

plete  table.    For 

» 
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TABLE  12. 

Properties  or  Chord  Sections. 

McClintoc-Marshal  Construction  Co.  Standards. 


Piopertifis  of 
Two  Angles  and 
OneWebPlate. 


Long  Legs  Turned  Oat. 

Top  of  Plate  i"  Below 

Backs  of  Angles. 


I 
I 


In. 


In. 


In.s 


AadsA-A. 


A3dsB-B, 


In.« 


I 


'A 


In. 


ii 


Sa 


In.» 


In. 


In.* 


u 


In. 


I 

I 

"8 


In. 


In. 


In.* 


AzisX-A. 


In.« 


•ss 


ta 


In. 


Sa 


In.> 


In. 


AadsB-B. 


I: 


In.< 


i 

So 


In. 


6X1 


7XJ 


8X1 


2 
2}X 


X2  Xi 
X2  Xt 


2  X2    XJ 

2iX2  X  : 

3  X2  X  : 
3  X2|X 


2  X2  Xi 

2|X2  X 
2jX2|X 
2jX2|X 

3  X2  X 
3  X2jX 
3  X2iXA 
3JX2jXi 
3iX2iXA 


8XA2jX2iX 
3  X2jX 
3  X2jX 
3iX2lx. 
3iX2iXA 


8X1 


9X1 


9Xft 


3iX2jXA 
4  X3  XA 
4  X3  XI 

2JX2JXI 
3  X2  Xl 
3  X2jxl 

3iX2ixi 


3.38 
3.02 

3.63 
3.87 
413 
4-37 

3.88 
4.12 
4.38 

4.94 
4.38 
4.62 
5.24 
4.88 
5.56 

5.44 
5.12 

574 
5.38 
6.06 

6.56 
7.18 
7.96 

4.63 
4.63 
4.87 
S.13 

6.05 
6.37 
7.03 
6.99 


II. I 
11.7 

17.1 
17.8 
18.7 
18.7 

24.4 
25.6 
25.6 
27.1 
26.8 
26.8 
28.7 
27.9 
29.2 

317 
31.3 
33.2 
32.6 
34-3 

39.1 
40.6 

42.5 

35.4 
37-3 
37.0 
38.4 

4S.8 
47.5 
495 
491 


1.81 
1.80 

2.17 
2.14 
2.13 
2.07 


2.41 
2.47 
2.40 
2.46 
2.38 

2.44 
2.38 
2.31 

2.76 
2.84 
27s 
273 

275 
273 
2.65 
2.65 


6.3 
7.1 

9.1 

8.9 

10.0 

9.9 

9.8 
10.9 
11.0 
12.5 
12.1 
12.1 
13.6 

13.3 
15.1 

I3-S 
12.9 
14.8 

16. 1 

17.1 
18.1 
20.3 

13.2 

I3-S 
H'S 
15.8 

17.5 
19.0 
21. 1 
20.2 


1.77 
1.66 

1.87 
1.99 
1.87 
1.90 

2.48 
2.34 

2.33 
2.16 
2.21 
2.22 
2.04 
2.10 
1.94 

2.35 
2.42 
2.24 
2.30 
2.13 


17 
31 

17 
3-1 
51 

5-2 

17 
31 
3-1 
3-9 
5.1 

6.5 

8.0 

10. 1 

4-1 

5-3 

6.7 

8.2 

10.4 


2.29  10.6 
2.22  15.2 
2.09  18.6 


2.68 
277 
2.55 
2.43 

2.62 


3-1 
5.1 
5-2 
8.0 

67 


2.50  10.3 
2.3412.4 
2.4x15.1 


.70 
•93 

.68 

.90 

1. 12 

1.09 

.66 

.87 
.84 
.89 

1.06 
I. II 

1.28 
1-35 

.87 
1.02 
1.08 
1.24 
1.31 

1.28 
1-47 
I-S3 

.82 
1.05 
1.03 
1.25 

1.05 
1.28 

1-33 
1.48 


loxi 


2iX2iXj 
2}X2iX' 


X2   XJ 

Xi 


loxA 


X2iX 

.  X2ixA 

3iX2jXi 

3iX2jxA 

4  X3  XA 

2iX2jX 

X2ix 

3  X2jx 
3lX2iX 

3iX2ixA 

X3  Xf 
X3  xl 
X3  XV 
X3  XI 

X3iX| 


loXf 


i2Xi 


X2iX 

3JX2iX„ 

4  X3  XA 

4  X3  Xi 

5  X3  XA 
5  X3  Xl 


X2jXi 
X2JXA 
X2iXi 
X2JXA 
X3  XA 
X3  XA 
X3  XI 
X3JXA 
I 


5  X3iXl 


4.88 

5.44 
4.88 
S.12 
574 

6.06 
6.68 

6.07 

6.37 
6.01 
6.69 

731 
8.09 

7.93 
8.85 
8.25 
9.23 

6.99 
731 
7.93 
871 
8.55 
9.47 

5.62 
6.24 
5.88 
6.56 
7.18 
7.80 
8.72 
8.12 
9.10 


47.2 
50.1 
49-3 
49.3 
52.2 

Si-3 
54.0 

557 


3.10 
3.03 
3.19 
3.09 
3.02 
3.09 
2.99 
2.89 


58.6 
57.6 
61.2 
60.0 
634 
65.5 
68.3 
69.2 
72.1 

693^ 
72.4 


155 
17.8 
16.8 
17.0 
19.6 
18.5 
21.2 
22.8 

19.1 
18.2 
21.0 
19.8 
22.7 
24.3 
27.2 
27.8 
31.1 
27.6 
30.8 


3.04 
2.82 
2.93 
2.90 
2.67 
2.77 
2.55 
2.44 

3.07 
3.16 
2.91 
3.03 
2.80 
2.69 
2.5 

2.49 
2.32 
2.51 
2.35 


31 
3-9 
5.1 

6.5 

8.0 

10. 1 

14.8 

4.1 

67 
8.2 
10.3 
15.1 
18.2 
28.7 

34-4 
28.8 
34.6 


69.5 

72 

74.5 

77.8 

78.9 

82.4 

81.2 
86.2 

84.3 
89.1 
92.0 
96.8 

100.8 
96.8 

100.6 


3.15 
3.14 
3.07 
2.99 
3.03 
2.94 


22.2 
23.9 


3.13  6.9 
3.01.10.6 
25.9.2.88115.5 
28.7I  2.71!  18.6 
29.3  j  2.69  29.7 
32.8,2.51  35.1 


80  22.2 


3 
3 
3 
3 
3 
3 
3.41I38.6I 

3 


73  25.6. 
78,24.2 
.67I27.8' 
58,30.2: 
52,34.3 


45|34'oj 
33|38.i| 


3.65 
3-37 
3.49 
3.20 
3.05 
2.82 
2.61 
2.85 
2.64 


.80 
.85 
1.03 
1. 00 
1.06 
1.22 
1.29 
149 

.82 
.96 
1.02 
1.17 
1.25 
1.44 
1.50 
1.91 
1.97 
1.87 
1-94 

.99 
1.21 

1.46 
1.85 
1.93 


5.2  .96 
6.5  1.02 
8.01.17 

I0.I'I.24 

14.8' 1.44 

28.1 1.90 

33.81.97 
28.3 1.87 

33-91.94 
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TABLE  12,— ^ofUinited. 
Properties  of  Chord  Sbctiohs. 
McClintoc-Marshall  Construction  Co.  Standards. 


^»  III     1  ■  I  I  II  ■     nf 

flUpeivWB  Ok 

Two  AniEles  and 
One  Web  Plate. 


Long  Legs  Tuned  Out. 

Top  of  &te  i"  Bekm 

Back!  of  Antfea. 


I 

I 


AadsA-A. 


AzisB-B. 


ta 


'8 


i 


AadsA-A. 


AjdsB-B. 


I 


ta 


Sa 


II 


In. 


In. 


In.« 


In.« 


I2XA 


X2lXl, 

X2ix^ 


6.37 

6-63 
7.31 
7.93 
8.71 
8.5s 


94.8 
100.7 

98.5 
104.S 
107.9 
112.8 
II3-8 


In.    ln.« 
.84  24.0 


In. 


In.« 


In. 


In. 


In. 


In.« 


In.« 


In. 


In.< 


In. 


In.« 


3.79  27. 
3.86  25. 


3.78  29.( 
3.70  32.( 


3.60 


3S.8 


X3ixA 

lixj 


I2Xf 


"XA 


9.47119.0 
8.87,113.9 
9.85 119.0 


3.6436.^ 
3.5s  40.9 


7-74 

8.06 

8.68 

9.46 

9.30 

10.22 

9.62 

10.60 

11.34 

11-72 

10.99 
10.97 

"•35 
12.31 
12.09 
13.19 
13.61 


3.58 
3-47 


1 14.3 
118.5 
122.7 
128.4 
129.9 
135.8 
129.513 

141.8I3 
H5-o,3 


U9.i;3 

150-0,3 
151-53 
157.1,3 

i58.4!3 
164.33 
164.4  3 


36.4 
40.9 

29.3 
31.4 
34.0 
38.0 
38.4 
43-2 
38.4 
43.1 
47.9 
48.7 

45.1 
44-8 
45-2 
49.6 
50.2 
55.0 
54.8 


3.95 
3-67 
3.81 
3-53 
3-37 
3.15 
3.13 
2.91 

3.13 
2.92 


6.7 
8.2 
10.3 
15.1 
18.2 
28.7 

34.4 
28.8 

34-6 

6.9 
10.6 

15.5 
18.6 
29.2 
35.1 


.92 

.98 

I. II 

1.19 

1.38 

1.82 
1.92 
1.80 
1.88 


12XJ 


14x1 


•95 
1.15 
1-34 

1-40  14XJ 

1-77 

1.85 


29.4!  1.75 
35.31-82 
59.62.30 
59.6  2.26 


X3  xi 
X3  Xl 
X3  xl 

X3ixi 
X3ixf 
X3ix| 
X4  xi 

X3  xl 
X3  X 
X3JX 
X3lX 
X4  X 

X3  XJ 
X3  Xi 

X34X} 

X3JXI 

X3iXj 
X4  Xi 


22.3 
35.8 
35-9 


1.42 
1.81 
1.78 


42.0' 1.85 
60.62.24 
70.612.3 1 
70.62.28 


i6Xf 
i6Xi 


5  X3iXl 

6  X3lxi 
6  X3iXi 

6  X3iXf 
6  X3'   * 
6  X3 
6  X4 


2.50 
1.72 
3.50 
4.00 
2.84 
5-00 
5.50 

0.21 
0.97 

1.35 
2.09 

2.47 


168.6 
166.4 
178.2 
178.2 
174. 1 
186.3 
186.3 

196.5 
207.4 
207.5 
216.6 
216.7 


3.67 
3-76 


49.1 
46.8 


3.63  55.9 


3-56 
3,69 
3.52 
3-52 

4.39 
4-34 
4.28 
4.23 
4.16 


3.50  258.2 
4.50:273.3 
5-00273.5 

3-841265.7 
6.00I  285.3 
6.50I  285.0 

2.10299.6 
2.84312.6 
5.00J334.7 

4.84'382.s 
5.94  399.0 
7.00412.4 
7.50412.1 


55-7 
52.0 
62.1 
61.5 

47.8 
54.1 

60.5 


3.43  26.4  m6 
3.55I36.5  1.77 
3.19  48.9  1.90 
3.2049.7,1.88 
3.35  61.0  2.19 
3.00  82.0!  2.34 
3.0382.52.31 

4.1 1  18.6 1.35 
3.83  35.1  1.79 
1.76 

2.23 
2.19 


13.81  35.3 
3.59  59-6 
3.59  59.6 


4.37  62.2 
4.3470.1 
4.27  70.8 

4.38  65.3 
4.22  78.3 
4.16  78.1 


4.98 
4.94 
4.72 

5.09 

5-03 
4.92 

4.85 


4.16  26.4  1.40 
3.8948.9!i-84 
3.8749.2  1.81 
4.07  61.6  2.11 
82.0,2.26 
82.5  2.24 


66^ 

73-3 
88.1 

79.5 
87.5 
95.5 
95-6 


3.64 
3-65 


4.52  35.3  1.70 
4.2759.72.16 
3.80  80.0  2.30 

4.8i{6i.6  2.04 
71.9  2.13 
82.0  2.18 
82.5'2.i7 


4-55 
4.32 

4.31 
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TABLE  13. 
Properties  of  Top  Chord  Sections. 


IB 


Properties  of 

Two  Andes 

and 

One  Cover  Plate. 

Ansles  Turned  Oat. 


-TT 


P 


Short  Legs  Against 

Plate,  and  Turned  Out. 

Edges  of  Angles  Flush 

with  Edges  of  Plate. 


|B 


Series 
ands. 


Serfes  z. 


Series  a. 


I 

•8 


I 


In. 


In. 


loxj 

lOxA 
I2zi 

I2XA 
I2X| 

i6zi 


3xaixl 

3X2ixi 
4x3  ^i 


3x»}xi 
4x3  xj 

3X2ixl 

5X3ixA 
6x4  xf 


t 


«  xj. 
Sx3ix; 

6x4  Xi 

16x^4x3  xi 
SX3}x 

OXi   X 

8x6  X 


i6xi 


A 

InT 


S.I2 

5.88 

574 
6.50 

5.62 
6.38 
8.12 

6.37 
7.13 
8.87 

7.12 

7.88 
9.62 

6.12 

6.88 

8.62 

10.72 

6.99 

7'7S 

9-49 

11.59 

7.87 

8.63 

10.37 

12.47 

7.38 
9.12 
11.22 

8. 
10.12 
12.22 

II. 12 
13.22 
17.86 


AzisA-A. 


In.« 


3-7 
8.2 


4.0 
8.7 

3.9 

8.5 

18.8 

41 

9.1 

19.8 

4.4 

9-5 

20.8 

4-0 
8.8 

19.3 
37.1 

4.2 

9.3 

20.4 

39.0 

45 
10.2 
21.4 
40.8 

9.0 
19.8 
38.0 

9.5 
20.9 
42.0 

21.9 

41.9 

106.0 


ta 


In. 


.86 
I.18 

1.16 


.16 
1.52 

80 
I.13 
1.49 

.79 

1. 10 

1-47 

.81 
1.13 
1.50 
1.86 

.78 

1. 11 
1.47 
1.83 

.76 
1.07 
1.44 
1.81 

1. 10 
1-47 
1.84 

1.07 
1.44 
1.81 

1.40 
1.78 
2-44 


Sa 


In.» 


5.8 
9.0 

6.3 
lO.O 

6.4 

10.2 

iS-5 

6.9 
II. I 
17.1 

7.5 
1 1.9 
18.4 

7.0 

II.O 

17.0 
24.4 

12.3 
18.7 
26.7 

8.2 
13.1 
20.2 
287 

12.0 
18.2 
26.2 

13.2 
20.1 
28.8 

21.8 
31.0 
54-7 


In. 


.33 
.57 

.60 
.96 

.28 

.51 

.85 

.22 

43 
.76 

.3* 

•55 

.89 

1.27 

•H 

45 

.78 

1.15 

.18 

.69 
1.04 

.50 

.84 

1.20 

41 

•73 
1.08 

.63 

1.56 


AzisB-B. 


In.« 


48.5 
49.0 

53-7 
54.2 

82.8 
86.1 
98.6 

91.8 

107.6 

100.8 
104. 1 
116.6 

128.4 

135.9 
159. 1 
179.1 

142.7 
150.2 
1734 
1934 

157.0 
164.5 
187.7 
207.7 


In. 


3.08 
2.89 

3.05 
2.89 

3.84 
3.67 
348 

3.79 
3.65 
348 

3.76 
3.64 
348 

4.58 
445 
4.30 
4.09 

4.52 
4.40 
4.27 
4.08 

447 
4.37 
4.25 
4.08 


In. 


3X2jxl 
4x3  x| 

4*3  xf 


lixl 


199.5  5.20 
236.8  5.09 
271.34.91 

220.9' 5. 1 3 
258.1,5.05 
292.74.90 

279.4'5.02 
314.04.87 
307.8;4.i5 


6.3^ 
74^ 

6.96 
8.08 

6.84 

7.96 

10.06 

7.59 

8.71 

10.81 

8.34 
9.46 
11.56 

7.34 

846 

10.56 

13.00 

8.21 

9.33 
11.43 
13.87 

9.09 
10.21 
12.31 
14.75 

8.96 

5x3§xA  11.06 

xj    13.50 


9.96 
12.06 
14.50 


3X2ixj 

4x3 

5x: 

3x2ix| 
4X3x1 
5x3ixA 

3x2}x| 
4x3  xf 
5X3ixA 

3x2jxl 
4x3  xl 

5x3JxA 
6x4  xf 

3X2fxf 
4x3  xf 

3X3§X{ 

4x3. xf 

6x4 


4x3  xf 
5x3ixA 
6x4  xJ 

5X3ixA  13.06 
6xA  x}  1x5.50 
8x6  xA  21.12 


In.» 


AadsA-A. 


In.« 


5-1 
II.2 

5.6 

II.9 

1 1.6 
24.3 


11 


ta 


In. 


.90 
1.23 

.90 

1.22 

.89 
I.2I 
1.56 


5.7  .87 
12.4  1. 19 
25.6  1.54 


6.1 
13.0 
26.9 

5-5 
12.0 
25.0 
46.2 

5-9 
12.8 
26.4 
48.6 

6.3 

27.6 
50.8 

12.3 
25.7 
474 

13.1 
27.1 

49-9 

28.5 

52.2 

129.6 


.86 
1.18 
1-53 

.87 
1.19 

1-54 
1.88 

.85 
1.17 
1.52 
1.87 

.83 
1.15 
1.50 
1.85 

m8 
1.52 
1.87 

1.15 
1.50 
1.85 

1.48 
1.83 
2.48 


Sa 


In.« 


6.6 
10.6 

7.3 
II.5 

74 
1 1.7 

17.9 

8.0 
12.7 
194 

8.6 
13.8 
20.7 

8.1 
12.7 
19.2 
27.7 

8.7 
13.9 
20.9 
30.0 

94 
14.8 
22.4 
32.0 

1J.8 

20.6 
274 

22.6 
32.0 

244 
34-3 
6M 


In. 


46 

.73 

.48 

.75 
I. II 


•34 
.58 
.92 

•44 

.70 

1.05 

1.42 

•F 
.61 

•95 
1.31 

.30 
.53 

.86 
1.22 

•65 
1. 00 
1.36 

.56 

.89 

1.25 

.80 
1.15 
1-74 


AadsB-B. 


\i 


In.« 


62.5  3.: 
63.0  2.< 

^'7  3-1 

68.2  2.( 

106.2  3.< 
1 10.7  3.: 
124.0  3.i 

1 15.2  3.1 
"9-7  3.: 
1330  3.i 

124.2  3.1 

128.7  3.< 

142.0  3." 

163.5  4-: 

174-3  A-i 

199.8  4.: 

220.9  4.: 

177.7  4.< 

188.6  4u 

214.1  4-: 

235.1  4. 

192.0  4.1 
202.9  4^ 
2284  4.: 

2495  4- 

254.8  5.33 

296.9  5.18 
3344  4.98 

276.2  5.: 

318.2  5. 
355-7  4-< 

339.6  5. 
377.0  4.< 

361.3  4. 
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TABLE  14. 
Propbrtibs  of  Top  Chobd  Sections. 


Properties  of 

Two  Angles 

and 

One  Cover  Plate. 

Ansles  Turned  In. 


|B 


•F^ 


IB 


Short  Legs  Against 
Plate,  and  Turned  In. 
Backs  of  Angles  Flush 

with  Edges  of  Plate. 


g»--*-- 
oenes 

Zand  a. 


In. 


8xA 


lox} 


loxA 


iox| 


I2zi 


I2XA 


12X1 


14x1 


i4xA 


14^1 


3X2jxi 

3x2ixi 
4*3  n 


Series  z. 


In. 


X2jxi 

:x34xA 
•X4  xf 


3x2ixi 
4x3 

3x2ix: 
4x3  xt^ 
5x3JxA 
6x4  x| 

4x3  xj 
Sx3ix 
6x4  X 

"4 


t 


6x4  x| 


4x3 

5x3i 
6x4 


4x3  xJ 

SX3J 

6x4 


S.x3Jxj^ 


4x3. xl 

5X31 
6X4 


$x3ixA 


0x4  Xj 
8x6  X 


In.> 


4.62 
5.38 


6.38 

8.12 

10.22 

7.13 

8.87 

10.97 

7.88 
9.62 
11.72 

6.88 

8.62 

10.72 

7.75 
9.49 
11.59 

8.63 

10.37 
1247 
17.11 


AzisA-A. 


Iii.< 


3.6 

7-9 


5.12 
5.88 

3-9 

8.4 

5.12 

5.88 
7.62 

1:! 

I8.I 

9.72 

34.9 

6-50 
8.24 
10.34 

6.37 

III 
10.97 

4-* 

9-3 

22.0 

38.2 

8.6 
18.8 
36.0 

91 
19.8 

37.9 

9.5 
20.8 
39.6 

8.8 
19.3 
37.1 

9.3 
20.4 
390 

9-9 

21.4 

40.8 

103.7 


11 

(So 


ta 


In. 


0.88 
I.2I 

0.87 
1.20 

0.86 
1. 19 

1.54 
1.89 

0.83 
1. 16 

1-53 
1.88 

0.81 
1. 14 
1.50 
1.87 

1.16 

1.52 
1.88 

1.13 

1-49 
1.86 

1. 10 
1.47 
1.84 

1.13 
i.SO 
1.86 

1. 11 
1-47 
1.83 

1.07 

1.44 
1.81 
2.46 


Sa 


In.« 


51 
8.1 

5.6 
8.7 

5.8 

9.2 

14.1 

21.0 

6.2 
lO.O 

iS-5 
22.6 

6.6 
10.6 
16.S 
24.0 

10.2 

IS-S 
22.8 

II. I 
17.1 
24.8 

11.9 
18.4 
26.4 

1 1.0 
17.0 
H'4 

12.3 
18.7 
26.7 

13.1 
20.2 
28.9 
SI.6 


In. 


46 
.73 

■& 

1.03 
141 

33 

57 

93 

1.31 

.26 

.49 

.84 

1.21 

.60 

.96 

1.33 

.51 

.85 

1.22 

43 

.76 

1. 12 

.55 

.89 

1.27 

•45 

.78 

1.15 

.69 

1.64 


71 , 
85.0 
114. 
149. 


AjdsB-B. 


In.« 


41.4 

494 


44.0 

52.1 


2.99 
3-03 

2.93 
2.98 


•7  3.74 
.0  3.80 
.9  3.88 
.6  3.92 


76.9 

90.2 

120.1 

1549 

82.1 

954 
1254 
160.0 

132.3 

177.8 
230.6 

141.3 
186.8 
239.6 

150.3 
195.8 
248.6 

1924 
257.0 
332.2 

206.7 

271.3 
3464 

221.0 

360.6 
489.7 


i 


3.66 
3.72 
3.82 
3.87 

3.66 
3.76 
3.82 

4.55 
4.68 
4.76 

445 
4.59 
4.67 

4.37 
4-Si 
4.61 

5.29 
5.46 
5.56 

5.16 
546 

5.06 
5.^4 
5.38 
5.35 


3X2ix| 
4x3  xf 

3x2ix| 

4x3  xf 

3X2jxf 
4x3  xl 
5X3§x 
6x4  X 


3X2}X 

4x3 


Series  a. 


In. 


t 
.3 

5x3JxA 
6x4  xf 

3x2ixl 
4x3  x|_ 
SX3ix 

6x4   XI 

4x3, xf 

SX3t 
6x4 


t 


SX3JxA 


4x3.x} 

5x31 
6x4 


Sxsix^ 


4x3,  x| 

5x31 
6x4 


5x3JxA 


t 


4X3,x| 
5x3ix 

6x4  x^ 

4x3x1 
5x3ixA 
6x4  xJ 

4x3x1 
5x3JxA 
6XA  xJ 
8x6  xA 


In.' 


15 

746 

6.34 
7.46 

9.56 


6.96 

8.08 

10.18 

12.62 

7.59 

8.71 

10.81 

13.25 

7.96 
10.06 
12.50 

8.71 
10.81 
13.25 

9.46 
11.56 
14.00 

8.46 
10.56 
13.00 

9.33 
11.43 
13.87 

10.21 
12.31 

14.75 
20.37 


AzisA-A. 


In.< 


4.9 
10.8 

5.3 
114 

5.2 
"3 
23.5 
43.7 

5.6 
12.0 

24.7 
45.6 

12.6 
25.9 
47.5 

I1.7 
24.3 
450 

25.6 
47.2 

26.9 
49.2 

12.0 
25.0 
46.2 

12.8 
26.4 
48.6 

27.6 
50.8 
126.7 


ta 


In. 


91 
1.25 

91 
1.24 

90 
1.23 

1.57 
I.91 

90 
1.22 
1.56 
1.90 

.88 
1.20 

1.54 
1.89 

1.21 
1.56 
1.90 

1.19 

1.54 
1.89 

1.18 

1.53 
1.87 

1.19 

1.54 
1.88 

1.17 
1.52 
1.87 

1.15 
1.50 
1.85 
2.49 


In.* 


9.6 
64 

10.3 

6.6 
10.6 
16.5 
24.3 

7.3 
11.5 
17.8 
25.8 

7^7 
12.2 
18.8 
27.3 

11.7 

17.9 
26.0 

12.7 
194 
27.9 

13.8 
20.7 
29.6 

12.7 
19.2 
27.7 

13.9 
20.9 
30.0 

14.8 
22.4 
32.0 
8.1 


"igitizea  oy 


g 


In. 


.59 
:88 

.52 
.80 

.53 

.81 

1.17 

1.55 

.46 

.73 
1.08 
1.46 

1. 00 

1.37 

75 
I. II 
1.48 

.66 

1. 01 
1.38 

.58 

.92 

1.29 

.70 
1.05 
1.42 

.61 

.95 
1.31 

.86 
1.22 
1.81 


AxisB-B. 


ii 


In.* 


In. 


93.6 
1 13.0 

147.9 
186.1 

98.8 
118.2 
153.2 
191.3 

104.0 
1234 
1584 
196.5 

175.0 
2284 
287.0 

184.0 
237.6 
296.0 

193.0 
246.6 
305.0 

252.9 
328.9 
412.9 

267.2 

343.1 
427.2 

281.5 
3574 
4414 


3.05 
3J0S 

3.00 
3.03 

3.84 
3.89 
3.93 
3.94 

3.76 
3.82 
3.88 
3.89 

3.70 
3.76 
3.83 
3.8s 

4.69 
4.76 
4.79 

4.60 
4.69 
4.73 

4.52 
4.62 
4.67 

547 

5.63 

5.34 
5.48 
5.54 

5.25 
5.39 
547 


o©§t 
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TABLE  15. 
Propbrtibs  of  Top  Chord  Sections. 


IB 

Piopertietof                             ^           (H|         •    » 
OneWeb  Plate                                         1          ^ 

Long  Legs  Turned  Out. 

Top  of  Web  Plate  i" 

Below  Backs  of  iGiJea. 

Series  x  and  a. 

Serkii. 

Series  a. 

i 
1 

1 

9 

1 
1 

AzisA-A. 

AzisB-B. 

1 
1 

1 

1 

AxisA-A. 

AzisB-B.    1 

k 

"Bd 

12 

1 

^^ 

^? 

•Sj 

Hi 

1 

II 

fflO 

A 

Ia 

ta 

Sa 

e 

Ib 

TB 

A 

Ia 

ta 

Sa 

e 

Ib 

rB 

In. 

In. 

In. 

In.> 

In.* 

In. 

In.« 

In. 

In.* 

In. 

In. 

In.« 

In.* 

In. 

In.» 

In. 

In.* 

In. 

6ii 

2  Z2  zi 

6xi 

4.88 

14.8 

1.74 

10.3 

I.I9 

6.1 

1.12 

6x1 

S.63 

16.2 

1.70 

II.8 

.99 

84 

1.22 

8xi 

2  Z2  X} 

6xJ 

5-38 

31.6 

2.42 

15.8 

1.75 

6.1 

1.07 

6x} 

6.13 

34-5 

2.37 

184 

1.50 

84 

I.17 

2jx2jxl 

6x 

S.88 

32.3 

l^ 

16.5 

I.71 

7.6 

I.I4 

6x 

6.63 

35.0 

2.30 

18.9 

148 

9.9 

1.22 

A 

6x 

^t 

32.9 

I7.S 

1.63 

8.4 

I.I4 

6x 

7.19 

35-5 

2.22 

19.7 

1.43 

10.7 

1.22 

3   X2jxi 

8x 

34.4 

2.28 

19.5 

1.51 

15.8 

I'SS 

8x 

7.62 

37.1 

2.21 

22.5 

1.27 

21.2 

1.67 

"    A 

8x} 

7.24 

35-3 

2.21 

20.8 

1.45 

17.1 

1.54 

8x 

8.24 

37.7 

2.14 

23.5 

1.23 

22.5 

1.65 

8xA 

2§X2jxi 

6x} 

6.38 

38.0 

2.44 

17.6 

I.91 

7,6 

I.IO 

6x} 

7.13 

41.3 

241 

20.2 

1.67 

10.0 

I.18 

JL 

6x 

8z 

6.94 

38.9 

^•37 

18.8 

1.82 

84 

1. 10 

6x 

7.69 

41.9 

2.33 

21. 1 

1. 61 

10.8 

I.I8 

3    ^?*^i 

7.12 

40.5 

2.38 

20.8 

1.70 

16.0 

1.49 

8x 

8.12 

44.0 

2.33 

24.1 

1.45 

21.3 

1.62 

.^_ 

8x 

7.74 

41.4 

2.31 

22.0 

1.63 

17.3 

149 

8x 

8.74 

44.7 

2.26 

25.2 

1.40 

22.7 

1. 61 

8x1 

3  «K 

8x} 

7.62 

46.32.46 

21.8 

1.87 

16.2 

1.46 

8x} 
8x} 

8.62 

48.5 

2.37 

23.0 

1.73 

21.5 

1.58 

8x 

8.24 

47.3;i-39 

23.3 

1.78 

17.6 

146 

9.24 

494 

2.31 

24.1 

1.67 

22.9 

1-57 

M?'f 

lOX 

10.93 

54-9 

2.24 

31.I 

1.40 

46.8 

2.07 

iox| 

12.18 

58.6 

2.19 

34-3 

I.2I 

57.2 

2.17 

lOX 

11.71 

55.5 

2.18 

32.1 

1.36 

49.9 

2.06 

lox} 

12.96 

59.2 

2.14 

35.1 

I.I9 

60.3 

2.16 

loz} 

2}X2§X} 

6x} 

6.38 

58.1 

3.06 

23.0 

2.30 

7.6 

1.09 

6x 

7.13 

634 

2.96 

26.1 

2.02 

9-9 

1.18 

**     "A- 
3  «§3ci 

6xi 

6.94 

60.0 

l^ 

24.7 

2.18 

8.4 

I.IO 

6x 

7.69 

644 

2.89 

27.9 

1.93 

10.7 

1.18 

8x1 

7.12 

62.4 

27.1 

2.05 

15.8 

1.49 

8x 

8.12 

67.2 

2.88 

31.S 

1.76 

21.2 

1.62 

i(        JL 

8x| 

7.74 

64.3 

2.88 

^S-5 

1.94 

17.1 

1.49 

8x 

8.74 

68.3 

2.81 

33.0 

1.70 

22.5 

1.60 

4^3  lA 

loxj 

10.43 

72.4 

2.63 

38.6 

1.50 

46.1 

2.10 

lOX 

11.68 

76.5 

2.56 

42.7 

1.29 

56.5 

2.20 

t 

lox} 

II.2I 

73.0 

»-5S 

41.1 

1.45 

49.9 

2.09 

lOX 

1246 

77.0 

249 

43.7 

1.26 

594 

2.18 

loxA 

3  X2§xi 

8xi 

Z-75 

735 

3.08 

28.7 

2.31 

16.0 

1.43 

8xi 
8x} 

8.75 

79.6 

2.99 

32.9 

2.01 

21.3 

1.56 

JL 

8x 

8.37 

75-3 

3.00 

30.8 

2.20 

17.4 

143 

9-37 

80.9 

2.95 

35.3 

1.94 

22.7 

1.56 

4^3  xS 

lOX 

11.06 

85.8 

2.79 

41.1 

HI 

46.4 

2.06 

lox} 

12.31 

91.0 

2.7s 

46.7 

149 

56.9 

2.15 

t 

lOX 

11.84 

87.0  2.71 

42.8 

1.66 

494 

2.05 

lOX 

13.09 

91.8 

2.69 

48.5 

1.45 

59-9 

l^ 

5  xjixji 

I2X 

12.75 

90.5'2.66 

46.8 

1.56 

82.8 

2.56 

I2X 

14.25 

95.8 

2.59 

51.8 

1.35 

100.8 

I2X 

1373 

91.92.59 

49.0 

1.50 

88.6 

i'SS 

I2X 

15.23 

96.9 

2.52 

S3.0 

1.33 

106.6 

2.64 

lOz} 

3  xjjxi 

8x 

8.37 

83.7 

3.16 

30.1 

2.53 

16.2 

1.38 

8xi 
8x 

9-37 

90.8' 

3.I1 

34.9 
36.9 

2.23 

21.5 

1.51 

8x 

^•2? 

85.8 

3.10 

32.4 

2.42 

17.6 

1.40 

9.99 

92.5 

3.05 

2.15 

22.9 

1.51 

*^?  '^ 

lOX 

11.68 

98.4 

2.92 

43.2 

'•2° 

46.8 

2.00 

lOX 

12.93 

104.6 

2.81 

47.3 

1.67 

57.2 

2.10 

t 

lOX 

12.46 

99.7 

2.83 

45.2 

1.84 

49.9 

2.00 

lox}' 

13.71 

1054 

2.77 

495 

1.63      60.3 

2.10 

S  xjjxjk 

I2X 

1337 

103.7 

2.78 

49-4 

1.73 

83.4 

2.50 

I2X 

14.87 

1 10.0 

2.72 

i« 

I.5IJ  IOI4 

2.61 

I2X 

14-35 

105.3 

2.71 

SI.4 

1.68  89.3 1 

2.50 

I2xi 

15.85 

111.5 

2.65 

I48J  107.3    2.60  1 
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TABLE  16. 
Properties  of  Top  Chord  Sections. 


IB 

Propcrttesof 

Two  Angles. 

TwoW^Platcs 

and 

4- 

r"    f                     withEdgeeofTopPlate. 
1                                     Backs  of  Anglea. 

One  Cover  Plate.                                 ||       I 

Series  z  and  2. 

Series  I. 

Series  a. 

1 

'8 

1 

J 

'8 

1 

1 

"8 
1 

1 

AxieA-A. 

AzisB-B. 

1 
1 

-8 

1 

1 

AjdsA-A. 

A3dsB-B.    1 

^•8 

'1 

11 

111 

1 

I| 

•Sg 

^1 

^g 

^ 

i 

^S 

•Sg 

A 

Ia 

«"A 

Sa 

e 

Ib 

FB 

A 

Ia 

'A 

Sa 

e 

Ib 

rs 

In. 

In. 

In. 

In.» 

In.* 

In. 

In.« 

In. 

In* 

In. 

In. 

In.« 

In.* 

In. 

In.« 

In. 

In.* 

In. 

8x1 

»Jx2jxi 

loxi 

8.88 

55 

2.56 

25.1 

2.07 

69.5 

2.80 

lox} 

10.13 

u 

in 

29.9 

1.78 

79.9 

2.81 

(( 

« 

(( 

10.88 

76 

2.64 

27.9 

2.47 

79.9 

2.7: 

« 

12.13 

33.3 

2.19 

90.3 

2.73 

«  , 

2jx»Jxi 

(( 

9.96 

60 

2.45 

27.4 

1.94 

82.2 

2.87 

(( 

11.21 

66 

2.43 

31.8 

1.69 

92.6 

2.87 

(C   [ 

(4 

u 

11.96 

80 

2.58 

30.8 

2.33 

91.6 

2-77 

<c 

13.21 

88 

2.57 

35.6 

2.08 

102. 1 

2.78 

8z} 

2j«ixi 

I«i 

9.38 

60 

2.53 

27.5 

1-95 

125.4 

3.66 

!«} 

10.88 

67 

;:g 

33.3 

1.64 

163.7 

3.63 

if 

« 

iC 

11.38 

80 

2.65 

30.7 

lit 

145.7 

3.57 

<c 

12.88 

89 

36.8 

2.05 

3.56 

«  , 

»Jx»Jxi 

(C 

10.46 

62 

2.44 

29.7 

3.74 

« 

11.96 

68 

2.39 

35.0 

1.57 

164.4 

3-71 

c< 

C( 

« 

12.46 

83 

2.58 

33-3 

2.23 

166.7 

3.65 

« 

13.96 

91 

2.56 

39.2 

1.95 

184.7 

3.64 

lOX 

2ix*Jxi 

I«i 

10.38 

109 

3.24 

37.5 

2.66 

136.8 

3.63 

l»x} 

11.88 

120 

3.18 

45.3 

2.28 

154.8 

3.61 

(C    . 

(C 

(( 

12.88 

143 

3-33 

41.9 

3.16 

162.2 

3.55 

(( 

14.38 

159 

3.33 

50.1 

2.80 

180.2 

3.54 

« 

»1X2JX} 

(C 

11.46 

113 

3.14 

41.2 

2.49 

157.8 

3.71 

« 

12.96 

123 

3.08 

484 

2.17 

175.8 

3.68 

M    [ 

« 

u 

13.96 

149 

3.^7 

46.1 

2.98 

183.2 

3.62 

« 

15.46 

164 

3.25 

53.9 

2.66 

201.2 

3.61 

lOZ 

»Jx«ixi 

I^J 

10.88 

113 

3-22 

40.5 

2.53 

219.I 

4.47 

1^1 

12.63 

Vd 

3.14 

49.6 

2.14 

247.8 

443 

(C 

C( 

13.38 

149 

3.34 

45.3 

3.04 

262.9 

4.43 

c< 

15.13 

3.31 

54.8 

2.65 

291.6 

4.39 

«  . 

*ix2ix| 

(( 

11.96 

1x6 

3.12 

43.9 

2.38 

250.6 

4.58 

(( 

13.71 

127 

3.04 

52.7 

2.04 

279.2 

4.51 

(( 

« 

« 

14.46 

154 

3.26 

46.3 

2.88 

294.4 

4.51 

« 

16.21 

170 

3.23 

58.3 

2.53 

323.0 

446 

12X| 

jxjxi 

x^f 

15.38 

244 

3.98 

60.4 

3-79 

258.1 

4.10 

I4xf 

17.13 

270 

3.97 

72.2 

3.37 

286.7 

4.09 

((   1 

C(    1 

18.38 

295 

4.01 

66.5 

4.19 

296.1 

4.01 

<C 

20.13 

328 

4.03 

78.5 

3.80 

324.8 

4X>2 

3XJXI 

« 

16.72 

254 

3.90 

66.7 

3.56 

292.6 

4.18 

<( 

18.47 

279 

3.88 

77.9 

3.20 

321.2 

4.17 

C(     1 

c< 

19.72 

309 

3.96 

73.2 

3-97 

330.7 

4.09 

(( 

21.47 

339 

3.97 

84.7 

3.62 

359-3 

4.09 

i»x! 

3xj|xi 

i6xf 

17.88 

280 

3.96 

77-7 

3.22 

437.3 

4-94 

i6x} 

19.88 

304 

3.91 

90.6 

2.85 

480.0 

4.91 

(i 

Ci 

20.88 

3J? 

4.03 

84.3 

3.65 

499-9 

4.89 

i< 

22.88 

370 

4.02 

974 

3.30 

542.6 

4.87 

3xj|xf 

(( 

19.22 

286 

3.86 

83.5 

3.06 

486.3 

5.03 

« 

21.22 

309 

3.82 

95.7 

2.73 

529.0 

4-99 

« 

22.22 

348 

3.96 

90.1 

3.50 

548.9 

4.97 

(( 

24.22 

377 

3.95 

102.8 

3.17 

591.6 

4-94 

'i^\ 

3XJXI 

I6x| 

20.72 

431 

4.56 

103.2 

3.80 

521.1 

5.01 

i6xj 

22.72 

464 

4.52 

118.1 

3.43 

IS:? 

4.98 

(( 

24.22 

5H 

4.65 

112.1 

4.30 

594.0 

4-95 

<i 

26.22 

565 

4.64 

127.3 

3.94 

4.93 

It  3 
((  1 

3xjxJ 

« 

22.00 

441 

4.48 

109.9 

3.64 

569.0 

5.08 

C< 

24.00 

472 

4.44 

124.1 

3.31 

621.7 

5.09 

« 

25.50 

537 

4.59 

119. 1 

413 

641.9 

5.02 

« 

27.50 

577 

4.58 

133.8 

3.81 

684.6 

4.99 

'^ 

3x^x1 

l8xi 

21.47 

443 

4-54 

109.7 

3.66 

740.9 

5.87 

i8x} 

23.72 

477 

449 

126.5 

3.28 

801.6 

5-?i 

*t 

24.97 

539 

ts 

118.6 

4.17 

849.1 

5.83 

<( 

27.22 

582 

4.63 

136.0 

3.79 

909.8 

^f 

« 

3xjxi 

ti 

22.75 

452 

116. 1 

3.52 

805.6 

5.95 

<c 

25.00 

484 

4.40 

132.2 

3.16 

866.3 

5.89 

i€ 

26.25 

551 

4.58 

125.6 

4.02 

913.8 

590 

(( 

28.50 

593 

4.56 

142.4 

3.66 

974.5 

5.85 
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TABLE  17. 
Properties  of  Top  Chord  Sections. 


B. 

"^''^ 

It 

of 
Top  Chord  Section!. 

^-^ 

t=f"^ 

TwoChannda 

1 

t 

n  • " 

One  Plate. 

•Jt.di 

i 

!ii.  - 

Sec- 
tion 

Num- 
ber. 

Chanadf. 

Cover 
Plate. 

BtoB 
Chan- 
nela. 

Total 
Area. 

Eooen- 
tridty. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

Gages. 

Web 
of 

Chan- 
nels. 

Max. 
Rivet. 

1 

i 

Axis 
A-A. 

Axis 
B-B. 

Axis 
A-A. 

Axis 
B-B. 

Plate. 

Chan- 
neto. 

b 

e 

Ia 

Ib 

«"A 

tb 

8 

h 

In. 

Lb. 

In. 

In. 

In.s 

In. 

In* 

In.« 

In. 

In. 

In. 

In. 

In. 

In. 

I 

5 

6.50 

8Xi 

3i 

S-90 

0.89 

23.9 

34-7 

2.01 

2.42 

6 

lA 

.19 

J 

2 

8XA 
loXi 

a 

6.40 

1.04 

25.6 

37.3 

2.00 

2.41 

il 

i( 

(( 

(C 

3 

s* 

6.40 

1.03 

25.3 

67.6 

1.99 

3.25 

8 

« 

tt 

It 

4 

loXA 

« 

7.03 

I.18 

27.1 

72.8 

1.96 

3.22 

« 

« 

it 

it 

i2Xi 

7f 

6.90 

I.I4 

26.5 

II3S 

1.96 

4-05 

10 

« 

tt 

tt 

6 

12XA 

« 

7.65 

1.30 

28.3 

122.5 

1.92 

4.00 

(( 

(( 

tt 

«< 

7 

5 

9.00 

8Xi 

3f 

7.30 

0.72 

27.8 

39-9 

1.95 

2.34 

6 

lA 

•?; 

i 

8 

8XA 

il 

7.80 

0.84 

29.7 

42.5 

1-95 

2.33 

(( 

t( 

(C 

9 

loXi 

5f 

7.80 

0.84 

29.5 

79.7 

1-95 

3.20 

8 

(( 

It 

tt 

10 

loXA 

i2Xi 

C< 

843 

0.99 

31.7 

84.9 

1.94 

3-17 

i< 

tt 

tt 

tt 

II 

Zf 

8.30 

0.95 

31.0 

135.1 

1.93 

4.04 

10 

tt 

tt 

" 

12 

"XA 

ti 

9.05 

1. 10 

33.3 

144.1 

1.92 

3-99 

it 

It 

It 

li 

13 

6 

8.00 

loxi 

Si 

7.26 

1.08 

42.0 

73.1 

2.41 

3-17 

z* 

li 

.20 

i 

H 

loxA 

ti 

7.89 

1.25 

44.8 

78.3 

2.38 

3-15 

(( 

« 

<( 

IS 

12x1 

Z^ 

7.76 

I.2I 

46.9 

124.0 

2.38 

4.00 

^ 

« 

tt 

c< 

16 

I2XA 

8.51 

1.39 

133.0 

2.3s 

3.95 

tt 

<c 

(( 

17 

HXA 

9i 

9.14 

I.5I 

48.7 

204.9 

2.31 

4.74 

Hi 

tt 

« 

(1 

18 

14X1 

« 

10.01 

1.67 

51.3 

219.2 

2.26 

4.67 

tt 

it 

(( 

(( 

19 

6 

10.50 

loXl 

Si 

8.68 

0.90 

47.6 

83.1 

2.34 

3.09 

z* 

li 

•?.* 

t 

20 

loxA 

«( 

9.31 

1.06 

50.9 

88.3 

2.34 

3.08 

(( 

<c 

21 

12x1 

7i 

9.18 

1.02 

50.0 

143.0 

2.33 

3.95 

H* 

(( 

tt 

it 

22 

I2XA 

C( 

9-93 

I.I9 

53-5 

152.0 

2.32 

3.91 

tt 

tt 

« 

23 

I4XA 

^ 

10.56 

I.3I 

55.8 

235.7 

2.30 

4.73 

'/.* 

tt 

tt 

It 

24 

HXi 

l< 

11.43 

1.47 

58.9 

250.3 

2.27 

4.68 

tt 

tt 

<( 

tt 

25 

7 

9.75 

loxi 
loxA 

si 

8.20 

I. II 

65.1 

80.1 

2.82 

3.13 

7i 

li 

.21 

1 

26 

(( 

8.83 

1.30 

69.2 

85-3 

2.80 

3.11 

« 

« 

«( 

(( 

27 

i2Xi 

7i 

8.70 

1.25 

68.0 

137.1 

2.80 

3.97 

2* 

tt 

tt 

i( 

28 

I2XA 

Ci 

9.4s 

1.4s 

72-5 

146. 1 

1.77 

3.93 

tt 

tt 

IC 

29 

I4XA 

14X1 

?J 

10.08 

1.59 

75-3 

225.8 

2.73 

4-73 

Hi 

It 

11 

(i 

30 

« 

10.95 

1-77 

79.3 

240.1 

2.69 

4.68 

il 

it 

tt 

(( 

31 

7 

12.25 

loXl 

si 

9.70 

0.93 

72.8 

92.1 

2.74 

3.08 

7i 

lA 

•}? 

\ 

32 

loxA 

12X1 

tt 

10.33 

I. II 

77.5 

97.3 

2.74 

3.07 

li 

tt 

It 

33 

l^ 

I0.20 

1.07 

76.2 

'12'^ 

2.73 

3.95 

^ 

tt 

tt 

tt 

34 

I2XA 

il 

10.95 

1.38 

81.4 

168.1 

2.73 

3.92 

It 

tt 

tt 

It 

35 

I4XA 

9i 

11.58 

84.8 

260.7 

2.71 

4-74 

iii 

tt 

tt 

It 

36 

14x1 

it 

12.45 

1-55 

89.8 

275.0 

2.69 

470 

it 

It 

« 

(( 
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TABLE  17.— ConHnued. 
Pkopbrtibs  of  Top  Chord  Sections. 


^      . 

of 
Top  Chofd  Sections. 

4 

Jr-^~± 

I 

TwoChaaneli 

and 

One  Plate. 

:%.. 

%h 

rf 

Moments  of 

RadUof  GyiB- 

Sec- 

Chamids. 

Cover 

BtoB 
Chan- 
nel. 

Gross 

Area. 

Bccen- 
tridty. 

Inertia. 

tion. 

Gages. 

Web 
of 

Max. 

«; 

Axis 

Axis 

Axis 

Axis 

Chan- 

tion 
Num- 
ber. 

1 

1 

Plate. 

b 

A-A. 

B-B. 

A-A. 

B-B. 

Plate. 

nd. 

Chan- 
nel. 

Rivet. 

e 

Ia 

Ib 

Ta 

J-B 

8 

h 

In. 

Lb. 

In. 

In. 

In.> 

In. 

In.« 

In.« 

In. 

In. 

In. 

In. 

In. 

In. 

37 

8 

II.2S 

I2Xi 

Z 

9.70 

1.28 

99.9 

150.2 

3.21 

3.93 

2* 

1} 

.22 

i 

38 

"XA 

1045 

■? 

106.2 

X59.3 

3.19 

3.90 

tt 

fC 

39 

14XA 

H 

11.08 

1 104 

261.4 

3.16 

4.72 

"i 

tt 

<c 

tt 

40 

14X 

11.95 

1.84 

I16.3 

3.12 

4.67 

(C 

tt 

tt 

it 

41 

I6X} 

II 

12.70 

1.98 

120.2 

378.5 

3.08 

5.46 

•2* 

tt 

tt 

ti 

42 

16XA 

c< 

13.70 

2.16 

"54 

400.0 

3.03 

5.40 

*4 

tt 

tt 

43 

8 

13.75 

i2Xi 

^ 

11.08 

1.12 

109.2 

168.3 

3.14 

3.90 

2* 

lA 

.31 

i 

44 

12XA 

(( 

11.83 

1.32 

1 16.3 

177-3 

3.13 

3.87 

« 

(( 

tt 

Ji 

14XA 

Si 

12.46 

'4 

121.0 

276.6 

3.12 

4.71 

"i 

(( 

(( 

tt 

HXf 
i6x| 

It 

13-33 

127.8 

290.9 

3.10 

4.67 

« 

C( 

It 

tt 

47 

lOl 

14.08 

1.78 

132.5 

421.9 

3.07 

5.48 

'?.* 

<( 

tt 

i( 

48 

16XA 

it 

15.08 

1.96 

138.7 

443.2 

3.03 

5-42 

\    " 

tt 

(( 

49 

9 

13.25 

I2Xi 

61 

10.78 

1.29 

140.9 

162.9 

3.62 

3.89 

9i 

l| 

.23 

i 

50 

I2XA 

(( 

11.53 

1.51 

1495 

171-9 

3.60 

3.86 

tt 

(< 

<( 

tt 

51 

l4Xft 

8| 

12.16 

1.68 

155.3 

268.2 

3.57 

4-70 

ni 

(1 

tt 

tt 

5* 

14X1 

<( 

13.03 

1.89 

163.5 

282.4 

3.54 

4.66 

« 

<( 

tt 

tt 

53 

i6Xf 

loi 

13.78 

2.04 

169.1 

409.9 

3.50 

5.45 

'A* 

(( 

tt 

tt 

54 

16XA 

ti 

14.78 

2.23 

176.8 

431.3 

346 

5.40 

(( 

tt 

tt 

55 

9 

15.00 

i2xi 

6f 

11.82 

I.17 

149.7 

174-1 

3.56 

3.84 

9i 

lA 

.29 

i 

56 

I2XA 

<C 

12.57 

1.39 

158.8 

183. 1 

3.55 

3.82 

« 

tt 

tt 

tt 

S7 

I4XA 

?.* 

13.20 

1.54 

165.2 

2874 

3.54 

4-67 

iij 

tt 

tt 

(I 

58 

16x1 

<c 

14.07 

1-75 

174.2 

301.7 

3.52 

4.63 

(C 

tt 

tt 

C( 

59 

io| 

14.82 

1.90 

180.3 

439.4 

349 

5.44 

'?.» 

tt 

tt 

(( 

60 

I6XA 

(( 

15.82 

2.09 

188.6 

460.7 

3.45 

540 

tt 

tt 

tt 

61 

10 

15.00 

I4XA 

8i 

13.30 

1.70 

211.7 

2894 

3.99 

4.67 

11} 

1} 

.24 

I 

62 

14x1 

« 

14.17 

1.92 

222.8 

303.6 

3.97 

4.63 

<( 

« 

tt 

tt 

63 

i6x} 

lOi 

14.92 

2.09 

2304 

441.9 
641.2 

3-93 

5.44 

'?.» 

tt 

tt 

tt 

64 

16XA 

(( 

15.92 

2.30 

240.6 

3.89 

5.39 

tt 

tt 

tt 

65 

18XA 

i«i 

16.80 

It 

247.7 

3.84 

6.18 

'5* 

tt 

tt 

tt 

66 

i8Xf 

« 

17.92 

257.1 

671.6 

3.79 

6.12 

tt 

tt 

tt 

67 

10 

20.00 

14XA 

?* 

16.14 

'i? 

242.1 

34i.a 

3.88 

4.60 

iij 

li 

.38 

i 

68 

I4Xf 
I6X| 

« 

17.01 

1.60 

255.2 

355.0 

3.87 

4.57 

C( 

tt 

<c 

tt 

69 

loi 

17.76 

1.75 

264.4 

5204 

3.86 

541 

^}) 

« 

tt 

(t 

70 

16XA 

(C 

18.76 

1-95 

276.9 

542.0 

3.84 

5.37 

tt 

tt 

u 

71 

18XA 

lai 

19.64 
20.76 

2.09 

286.9 

752.3 

3.82 

6.19 

'5* 

tt 

tt 

(( 

72 

18XJ 

(C 

2.28 

297.8 

782.7 

3.79 

6.14 

tt 

tt 

« 

73 

10 

25.00 

14XA 

?i 

19.08 

1.18 

271.8 

383.9 

3.77 

448 

Hi 

^i» 

•5; 

} 

74 

14X1 
i6x} 

19-95 

1.37 

286.2 

398.2 

3.79 

4.47 

« 

u 

75 

8* 

20.70 

1.50 

296.8 

588.8 

3.79 

5.33 

'?.* 

it 

(( 

t* 

76 

16XA 

21.70 

1.62 

313.6 

610. 1 

3.8b 

5-30 

<c 

tt 

tt 

77 

18XA 

III 

22.58 

1.73 

325.2 

8514 

3.79 

6.14 

•5* 

tt 

tt 

tt 

78 

18XJ 

C( 

23.70 

1-99 

336.0 

881.8 

3.77 

6.10 

tt 

tt 

tt 

[ 
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TABLE  17.— Continued. 
Propbrtibs  of  Top  Chord  Sections. 


B 

U — ^j. — »j 

r'% 

1 

fi^ 

Pkopertles 
of 

1  f i- 

1 

H:^ 

TwoChaanelf 
and 

Top  Chofd  Sectknt. 

1 

I 

i 

i  ^  - 

One  Plate. 

Sec- 

PKat»«i^l«, 

Cover 

^nan- 
nels. 

Total 

EEooen'* 
tridty. 

Moments  of 
Inertia. 

Radii  of  Gyra- 
tion. 

GacH. 

Web 

of 

Max. 

A 

Aads 

Axis 

Axis 

Axis 

Chan- 

tion 

Nam- 

ber. 

1 

1 

Plate. 

Area. 

A-A. 

B-B. 

A-A. 

B-B. 

Plate. 

neb. 

Chan- 
nels. 

Rivet. 

b 

e 

Ia 

Ib 

Ta 

Tb 

g 

h 

In. 

Lb. 

In. 

In. 

In.> 

In. 

In.« 

In.« 

In. 

In. 

In. 

In. 

In. 

In. 

79 

12 

20.50 

i6Xf 

^ 

18.06 

2.06 

409.8 

485.8 

4.76 

5.19 

y 

I« 

.28 

i 

8o 

16XA 

19.06 

2.28 

427.6 

507.1 

4.74 

5.16 

<i 

i< 

it 

8i 

r 

i8Xt 

"1 

18.91 

2.21 

4224 

682.1 

4.73 

6.00 

\} 

«< 

i( 

tt 

82 

18XA 

« 

19.94 

It 

440.6 

7124 

4.70 

5.98 

<( 

(( 

tt 

83 

20x5 

'?.» 

20.81 

452.5 

957.5 

4.66 

6.78 

17 

« 

tt 

tt 

84 

20XJ 

22.06 

2.83 

469.8 

999.1 

4.61 

6.73 

<c 

«c 

« 

tt 

51 

12 

25.00 

16x1 

2* 

20.70 

1.79 

451.4 

550.0 

4.67 

5.16 

'.? 

q 

•?.9 

i 

86 

i6Xft 

21.70 

2.01 

471.5 

571.3 

4.66 

5.13 

(* 

tt 

87 

i8Xt 

"> 

214s 

1.95 

465.1 

774.9 

4.66 

6.01 

IS 

f< 

(4 

tt 

88 

i»xA 

c< 

.22.58 

2.17 

486.5 

805.2 

4.64 

5.98 

«r 

(( 

« 

tt 

89 

20XA 

'?.*' 

234s 

2.32 

500.3 

1084.7 

4.62 

6.80 

17 

(( 

« 

(( 

90 

20Xj 

24.70 

2.53 

520.5 

1 126.3 

4.59 

6.75 

« 

« 

« 

M 

91 

12 

30.00 

i6Xf 

2 

23.64 

1.57 

494.9 

61 1.4 

4.58 

5.08 

'.? 

2 

V 

} 

92 

16XA 
i8Xt 

24.64 

1.77 

5 17.3 

632.7 

4.58 

5.06 

« 

U 

«( 

93 

II 

24.39 

1.71 

5 10. 1 

865.7 

4-57 

5.96 

IS 

i« 

*t 

« 

94 

18XA 

(C 

25.52 

1.92 

534.1 

896.0 

4.58 

593 

« 

<( 

(( 

«< 

95 

20XA 

'2 

26.39 

2.06 

l^l 

I2II.I 

4.56 

6.78 

17 

<( 

(( 

« 

96 

20X1 

27.64 

2.34 

1252.7 

453 

6.73 

(( 

(i 

(( 

(4 

97 

IS 

33.00 

i8Xf 

lof 

26.55 

1.96 

922.8 

936.7 

590 

5-94 

'.? 

«^ 

1? 

f 

98 

18XA 

l< 

27.68 

2.20 

961.0 

967.0 

5.89 

5.91 

« 

99 

20XA 

12f 

28.55 

2.36 

986.7 

I307.I 

5.88 

6,76 

'7 

<( 

« 

<« 

xoo 

20X| 

« 

29.80 

2.60 

1024.5 

1348.7 
I761.I 

5.86 

6.72 

(< 

« 

<( 

CC 

lOI 

22Xi 

'*« 

39.80 

2.77 

1050.2 

5.84 

7.56 

'.? 

C( 

« 

«< 

102 

22XA 

32.18 

3.00 

1085.5 

1816.5 

5.81 

7.50 

«< 

<< 

«( 

103 

IS 

35.00 

i8Xf 

'.?* 

27.33 

1.90 

940.5 

965.7 

5.87 

5.95 

'.? 

»^ 

i? 

i 

104 

18XA 

I( 

28.46 

2.14 

979.7 

996.0 

5.87 

5.92 

« 

tt 

105 

20XA 

12f 

29.33 

2.30 

1005.6 

1346.7 

5.86 

6.78 

*7 

« 

4( 

tt 

106 

20x1 

« 

30.58 

2.53 

1044.4 

1388.3 

5.84 

6.74 

(t 

4( 

« 

tt 

107 

22Xi 

'i* 

31.58 

2.70 

1070.8 

181I.7 

5.82 

7.58 

19 

4< 

« 

tt 

108 

22XA 

32.96 

2.92 

1 107.9 

I867.I 

5-79 

7.52 

i< 

« 

«< 

(« 

109 

IS 

40.00 

i8Xf 

\«?» 

30.27 

I.7I 

1005.1 

1039.3 

5.76 

5.86 

15 

*i^ 

•?.* 

i 

no 

18XA 

i( 

31.40 

1.94 

1047.0 

1069^6 

5.77 

5.84 

«< 

tt 

III 

20XS 

'2* 

32.27 

2.09 

107^.8 
1116.7 

14535 

5-77 

6.71 

17 

« 

(f 

tt 

112 

20Xj 

«« 

33.52 

2.31 

1495.1 

5.77 

6.68 

C( 

(4 

« 

tt 

113 

22X§ 

'it* 

34.52 

2!68 

1 145.4 

1956.5 

5.76 

7.52 

'.? 

<C 

« 

tt 

"4 

22XA 

35.90 

1 186.2 

2011.9 

5.75 

748 

(f 

(4 

tt 

116 

IS 

45.00 

i8Xf 

'S* 

33.23 

1.56 

1068.2 

1 127.9 

5.67 

5.82 

IS 

»l 

.62 

i 

I8XA 

« 

34.36 

1.77 

1112.0 

1158.2 

5.69 

5.81 

€1 

tc 

<( 

tt 

"2 

« 

20XA 

'.*.* 

35.23 

1.92 

1141.9 

1577.3 

5.69 

6.69 

17 

€€ 

II 

tt 

118 

20Xi 

« 

36.48 

2.12 

11864 

1618.9 

5.70 

6.66 

it 

<( 

« 

tt 

119 

22Xi 

Mi 

37.48 

2.28 

1217.2 

2120.7 

5.70 

7.52 

\? 

« 

« 

tt 

I20 

22XA 

(( 

38.86 

2.48 

1260.6 

2176.1 

5.70 

7.48 

« 

(C 

tt 
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TABLE  18. 
Upset  Screw  Ends  for  Square  Bars, 
american  bridge  company  standard. 


t 

■   . 

M. 

11 

111 

w 

i  } 

1 

I* 

.«. 

▼  ▼▼▼▼    .— . 

Pitch  and  Shape  of  Thread  A.  B.  Co.  Standaid. 

BAR. 

UPSET. 

Side  of 
Square 

In^. 

Sq. 
Inchea. 

Weight 

Foot. 
Lbs. 

Diameter 
Inches. 

Lensth 

a. 
Inches. 

Additional 

Length 

for  . 

Upset 

Diameter 

at 
Root  of 
Thiead 

c. 
Inches. 

Area. 

At  Root 
Sq.  Inches. 

Bscess 

Over 

Area  of 

Bar.%. 

0.563 

I.91 

li 

4 

4 

0.939 

0.693. 

23.2 

0.766 

2.60 

ii 

4 

3i 

1.064 

0.890 

16.2 

1.000 

3-40 

ij 

4 

4 

1.283 

1.294 

294 

1.266 

4.30 

It 

4 

3f 

1.389 

I.5IS 

19.7 

1.563 

531 

If 

4i 

4f 

I.615 

2.049 

31.I 

I.89I 

6.43 

2 

4i 

4 

I.71I 

2.300 

21.7 

2.250 

7.65 

ai 

5 

S 

I.961 

3.021 

34.3 

2.641 

8.98 

if 

5 

4f 

2.086 

3419 

29.5 

3.063 

10.41 

»i 

Si 

4f 

2.175 

3.716 

21.3 

3.516 

11.95 

af 

5i 

5 

2425 

4.619 

314 

4.000 

13.60 

2f 

6 

5 

2.550 

5.108 

27.7 

4.516 

15.35 

3 

6 

4} 

2.629 

5428 

20.2 

5.063 

17.21 

3i 

6J 

Si 

2.879 

6.509 

28.6 

2| 

5.641 

19.18 

3i 

7 

6f 

3.100 

'     7.549 

33.8 

2i 

6.250 

21.25 

3f 

7 

7 

3.317 

8.641 

38.3 

2| 

6.891 

2343 

3i 

7 

Si 

3.317 

8.641 

254 

2} 

7.563 

25.71 

4 

7i 

61 

3.567 

9.993 

32.1 

2} 

8.266 

28.10 

4i 

8 

7i 

3.79« 

11.330 

37.1 

3 

9.000 

30.60 

4i 

8 

6 

3.798 

11.330 

25.9 

3* 

9.766 

33.20 

4f 

8} 

7 

4.028 

12.741 

30.5 

3i 

10.563 

35.91 

4i 

8i 

7f 

4.255 

14.221 

34.6 

Upsets  marked  *  are  special. 
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TABLE  19. 
Upsbt  Screw  Ends  for  Round  Bars, 
american  bridge  company  standard. 


i 

r  " 

» 

lii 

Hi 

*- «■" - 

nr>if\ry>l<>if>|_. 

Pitch  and  Shape  of  Thread  A.  B.  Co.  Standaid. 

BAR. 

UPSET.                                                         1 

Diameter 
Incfaes. 

Sq. 
Inches. 

Weisht 

per  Foot* 

Lb. 

Diameter 
b. 

Length 
Indies. 

Additional 

Length 

for  Upset 

1^ 

Diameter 

at  Root 

of  Thread 

Inc^ 

Area.                  1 

At  Root 
of  Thread, 
Sq.  Inches. 

Bscess 

0.442 

1.50 

I 

4 

0.838 

0.551 

24.7 

0.601 

2.04 

li 

4 

1.064 

0.890 

48.0 

0.78s 

2.67 

If 

4 

I.158 

1.054 

34.2 

0.994 

3.38 

li 

4 

1.283 

1.294 

30.2 

1.227 

4.17 

If 

4 

1.389 

I.515 

23.5 

1.485 

5.05 

If 

4 

1.490 

1.744 

17.5 

1.767 

6.01 

2 

4J 

I.711 

2.300 

30.2 

2.074 

7.05 

2* 

4i 

1.836 

2.649 

27.7 

2405 

8.18 

2i 

5 

1. 961 

3.021 

25.6 

2.761 

9.39 

2f 

5 

2.086 

3.419 

23.8 

3.142 

10.68 

2i 

5i 

2.175 

3.716 

18.3 

3-547 

12.06 

2f 

5i 

2.300 

4.156 

17.2 

3.976 

13.52 

2f 

6 

2.550 

5.108 

28.4 

4430 

15.06 

3 

6 

2.629 

5.428 

22.5 

4.909 

16.69 

3i 

6i 

2.879 

6.509 

32.6 

5.412 

1840 

3i 

6i 

2.879 

6.509 

20.3 

5.940 

20.19 

3i 

7 

3.100 

7.549 

27.1 

6.492 

22.07 

3f 

7 

3.317 

8.641 

33.1 

7.069 

24.03 

3f 

7 

3.317 

8.641 

22.2 

7.670 

26.08 

4 

7i 

, 

3567 

9.993 

30.3 

3i 

8.296 

28.21 

4 

7i 

3.567 

9.993 

20.5 

3l 

8.946 

30.42 

4l 

8 

3.798 

11.330 

26.6 

3* 

9.621 

32.71 

4i 

8 

3.798 

11.330 

17.8 

3l 

10.321 

35.09 

4f 

8i 

4.028 

12.741 

23.4 

3i 

11.045 

37.55 

4f 

8J 

6 

4.255 

14.221 

28.8 

3f 

11.793 

40.10 

4f 

8J 

Si 

4.255 

14.221 

20.6 

Upsc 

ts  marked 

*  are  special. 

34 


Digitized  by 


Google 


614 


STRUCTURAL  TABLES 


TABLE  20. 

Standard  Eyb  Bars 

AifBRiCAN  Bridge  Company  Standards 


Ordinary  Eye  Bars 


Bar 


2j 


10 


12 


14 


i6 


Thick- 


li 


If 


Head 


t 

Q 

i 


•i 


6 

7 
♦  8 


.1 


lO 

II 

♦I2 


12 
I3J 


♦li 


16J 


18 

19 

♦20 


20 

♦22 


22^ 

♦25 


26i 

28 

♦29i 


31 

33 
♦34 


36 
♦37J 


Max.  Pin 


Add.  Material  A 


i 


I 


I 


i 


i^ 


37.5 


40.0 


41.7 


37.5 


35.0 


37.5 


35.7 


37.5 


3 


iij 


10 

Hi 

13 


12 
14 
ii- 


16 


38.9 


3S-0 


37.S 


357 


37-5 
34-4 


I-  o 
1-4 


I-  3 

1-  7 

2-  o 


1-  6 
i-ii 

2-  4 


i-li 

2-  3« 
2-  8 


2-  I 

2-  8 


2-  6 

3-  2 


2-  7 
2-1 1 

JUL 


2-  8 

3-  o 

JUL 


2-1 1 

HZ 


3-  5 
3  -9 


3-8 
4-  2 


4-  3 
4-10 


4-1 1 

5-  5 


0-  7 

O-II 

1-  4 


O-IO 
I-  2 
Jl-L 


I-   I 

I-  s 

I-IO 


1-  6 

I-IO 

2-  2 


1-  8 

2-  2 
2-  9 


I- 10 
2-  I 
2-  8 


2-  2 
2-  6 
2-1 1 


2-  3 
2-  6 
2-11 


2-6 
JZ^ 


2-10 
3-  3 
Jl-7. 


3-  3 
3-8 

iU. 


3-  9 

4-  4 


4-  s 

4-10 


Bars  marked  ♦  should  only  be  used  when  ab- 
solutely unavoidable. 

Deduct  Pin  Holes  when  figuring  weights. 


Adjustable  Eye  Bars 


^ 


i    '     1 


Bar 


2l 


1 


1 


1 


1 

I 

Ji. 


1 

I 

li 


♦i 
It 
I 
I 


♦i 
I 
I 
I* 


I 
I 

!■ 
I 


Scatsw  ECnd 


i 
I 


II 


•i 


4 

1 


It 


1 


4t 
41 


Si 


36.6 

JM. 


41.2 
38.1 
36.7 


34.3 
41.6 

23»9 


23.9 
32.0 

35.7 
_44:6_ 


36.2 
24.1 
30.2 
34.2 
J8j. 


25.8 
28.0 
33.2 

JZJ. 


26.9 

29.5 

32.4 

JS:! 


25.9 
274 
29-3 
31.4 
3S.2 


Add.  Material  B 


i 


4i 

5 


1 


|1 

6J 


6 
6 
61 
7 
-7_ 


7 
8 


7l 
8 


8 

11 
li 


12 
12 
II 


12 
12 
12 


12 

13 

Ji. 


13 
II 

13 

Jl. 


12 
II 
12 
13 
J±- 


12 

12 

13 

J£. 


12 

13 

14 

Jl- 


12 
13 
13 
14 
15 


1 


8 
8 

JL 


8i 


;i 


8 

7 
8 

Hi 

_2_ 


7i 
8 

8i 

9i 


8 
8i 

Jl 


8 

8i 

8i 

9 
10 


Bars  marked  *  should  only  be  used  when  un- 
avoidable^ 

Minimum  length  of  short  end  from  center  of  pin 
to  end  of  screw  6'-6".  preferably  I'-o". 

Thread  on  short  end  to  be  left  hand. 

Deduct  Pin  Holes  when  figuring  weights. 
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TABLE  2L 

Loop  Rods. 

ambsican  bridge  company  standard. 


Pitch  and  Shape  of  Thread  A.  B.  Co.  Standard. 

Additional  Length  "A"  in  Feet  and  Inches  for  One  Loop. 

A  =  4.x7P  +  s.89R. 


Diam. 

of  Pin. 

P. 


Diameter  or  Side  "  R  "  of  Rod  in  Inches. 


1} 

li 
i| 


*3t 

4 

4} 

♦4i 


0-  9J 

o-io 
o-ii 

1-  o 

I-  I 

I-  2 
I-  3 

1-4 
I-  S 

1-6 

i-7i 
1-8J 

i-9i 


»-io 
o-ioj 

I-Ii 

I-  3 
I-  4 
I-  5 

I-  6 

I-  7 

1-  8 
1-9 

i-io 

i-ii 

2-  o 
2-  I 

2-  2J 


o-ii 
o-iij 

1:3 

I-2J 

i-3i 
i-4i 

1-  5i 

1-6J 

i-7i 
i-8i 
i-io 

i*-ii 

2-  o 

2-   I 

2-   2 

2-  3 

i-  4 
2-  6 

2-  7 


li 


o-ii} 
I-  o 

I-  I 

I-  2 

I-  3 

I- 41 
I-  Sl 

1-61 

i-7i 
i-8i 
i-ioj 
i-iii 


2-  I 

2-  2^ 


2-3i 

2-  6 
2-  7 

2-  8 

2-  9 
2-10 
2-11 

3-  o 


I-  I 
I-  2 
I-  3 

I-  4 

Hi 

I-  7 
I-  8 

1-  9 

I-IO 

i-ii 
^-  oj 

2-  i§ 

2-  2i 
2-   3I 

2-4i 

2-5i 

ns 

2-  8§ 

2-  9i 
2-IOJ 

3-  o 
3-  I 


1-2J 
i-3i 

i-4i 


i-Sl 
I-  7 
I- 


8 


1-  9 

i-io 
i-ii 

2-  o 

2-   I 

2-  2 
2-  3 
i-  4 

2-  5 

2-  6 
2-  7§ 
2-8§ 

2-9i 

2-IoJ 

3-ii 


2-  2 

2-  3 
2-4 

2-  5 

2-  6 

2-  7 
2-  8 

2-  9 

2-10 

2-1 1 

3-  o 
3-  I 

3-2} 


x| 


I-  s 

1-6 

I-  7 

1-  8 
i-9§ 

1-10} 

r4 

2-  Ij 

2-  2} 

2-  3§ 
2-  4J 

2-  si 

2-6J 

2-  7i 

2-  9 
2-10 


2-1 1 

3-  o 
3-  I 
3-  2 

3-  3 


«l 


1-6 
1-7 

I-  8 

1-  9 

I-IO 

I-II 

2-  o 
2-  I 

2-  2 


2-4f 

2-  6} 

2-74 


.-8} 

-9* 

;-iOf 


2-1 1 J 

3-0 
3-  If 
3-  2§ 

3-  3* 


i| 


i-7i 

1-8} 

1-9} 
I-II 

2-  o 

2-  I 

2-  2 
2-  3 

2-  4 

2-  6 
2-  7 

2-  8 

2-9 
2-10 
2-11} 

3-0} 

3-  1} 
3-  2} 

3-  3} 
3-4} 


1-8} 

1-10} 
1-11} 

2-Oi 

2-  1} 

2-  2} 
2-  3} 

2-4} 
2-  6 

2-  7 

2-  8 
2-9 

2-10 
2-1 1 
3-0 

3-  I 

3-  2 
3-  3 
3-4 

3-S 


Pins  marked  ♦  are  special.    Maximum  shipping  length  of  "L"  =»  35  feet. 
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TABLE  22. 

Clbvisbs. 

american  bridgb  company  standard. 

All  dimensions  in  inches. 


I  Ci«lr4DivC  LbClP 


^^~=::e=hp 


Grip  -  thicknesB  of  plate  +  }''• 


"8 

fie 
2 


Head. 


Diameter 

of  Pin. 

P. 


Max.      Min. 


2 
2§ 

3 
3i 


I 

li 

2 
2i 


^ 

g 

^ 

1 

i 

1 

1 

1 

w 

B 

F 

A 

Ij 

3A 

l} 

5 

2 

3l 

if 

6 

»J 

4i 

ii 

7 

3 

St 

^i 

8 

3* 

6A 

3i 

9 

Diameter 
ofUptet. 


Uax.     Min. 


If 

2i 

2i 


I 

I* 

1} 

2 


Ntrt. 


N 


li 

*i 

2§ 

J_ 


3i 
4i 

_L_ 


»£ 


4 

8 

i6 

26 

j6 


Clevis  Numbers  for  Various  Rods  and  Pins. 


Rod.. 


Pin*. 


Round.  Square.  UpKt. 


U 


1} 


3i 


ai 


at 


3i  3i 


I 

It 

ll 

I| 

1} 

If 

1} 

li 

2 

2i 

2i 
2f 


I 
If 


li 
If 


If 
If 

li 
If 

2 


2f 

*i 

2f 

*f 

2i 

*f 


Qevises  to  be  used  with  the  Rods  and  Pins  given  above. 

Clevises  above  and  to  right  of  zigzag  line  may  be  used  with  forks  straight,  those  below  and  to 
left  of  this  line  should  have  forks  closed  so  as  not  to  overstress  pin. 
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TABLE  23. 

TURNBUCKLES  AND  SlEBVB  NuTS. 
AMERICAN  BRIDGE  COMPANY  STANDARD. 

All  Dimensions  in  Inches. 


TURNBUCKLES. 

SLEEVE  NUTS.                                  1 

!^  r           'ft-^rf^ 

j, — i »j 

(Zu-s:=aC^^t 

h"-!*          W. 

— --L-- ► 

A  -  6";  A  -  9"9  for  turabucktes  marked  *. 
Fitcfa  wul  Ihape  a(  thread,  A.  B.  Co.  Standud. 

Diam. 
Sagw. 

standard  Dimenaioiu. 

II 

Diam. 

of 
Screw. 

U 

Standard  Dimenaiont. 

11 

D 

L 

C 

t 

G 

B 

D 

L 

A 

B 

C 

t 

i 

i 

A 

1 

i 

i 

A 

7i 

A 

A 

i 

tA 

I 

ft 

7A 

{ 

} 

t 

If 

I 

i 

7} 

1 

i 

t 

If 

I 

1} 

7H 

H 

A 

} 

lA 

Ti 

it 

7f 

H 

A 

} 

tA 

Ti 

t} 

8} 

lA 

U 

1 

2 

2 

lA 

81 

li 

f 

I 

«i 

3 

i 

Ij 

7 

If 

li 

14 

i 

3 

I 

li 

9 

lA 

A 

li 

»A 

4 

I 

li 

7 

If 

If 

i 

3 

li 

iH 

9l 

lA 

J 

li 

2A 

5 

I» 

If 

7i 

2 

aA 

A 

4 

li 

li 

9i 

lA 

i 

li 

2i 

6 

li 

li 

7i 

2 

aA 

A 

4 

If 

2A 

loi 

iH 

i 

It 

3A 

7 

li 

2 

8 

at 

at 

1 

5 

H 

2i 

lOj 

li 

i 

li 

3A 

8 

li 

a 

8 

at 

at 

f 

6 

If 

2* 

lOf 

2 

i 

i{ 

3i 

lO 

If 

ai 

8i 

ai 

3A 

A 

8 

If 

*i 

Hi 

2l 

i 

2 

3i 

II 

If 

ai 

8i 

2i 

3A 

A 

9 

il 

2H 

III 

2A 

H 

*i 

3f 

12 

If 

aj 

9 

3i 

3l 

ai 

4 

10 

2 

3 

12 

2| 

H 

»i 

4i 

14 

2 

at 

9 

3i 

3i 

ai 

4 

II 

*i 

3A 

"f 

*i 

H 

*i 

4i 

17 

zi 

ai 

94 

34 

4A 

at 

A 

14 

2i 

3l 

I2i 

2tt 

H 

»i 

4i 

20 

ai 

ai 

9i 

34 

4A 

A 

15 

»i 

3A 

i3i 

2i 

H 

»i 

4f 

22 

2| 

3 

10 

3i 

4i 

1 

18 

»J 

3i 

134 

3A 

tt 

3 

Si 

25 

*i 

3 

10 

3i 

44 

1 

19 

»f 

4i 

i4i 

3l 

H 

3i 

si 

33 

*i 

3i 

loi 

4i 

4« 

H 

23 

2j 

4A 

Hi 

3A 

lA 

3i 

6A 

36 

ai 

3i 

II 

4i 

Si 

i 

27 

3 

4i 

>s 

3i 

lA 

3i 

6i 

40 

3 

3i 

II 

4t 

si 

i 

28 

3i 

4i 

isi 

3} 

lA 

4 

6i 

50 

3i 

3i 

Hi 

S 

sH 

« 

35 

3} 

Si 

i6i 

4i 

lA 

4 

7i 

6S 

3J 

4 

12 

Si 

6i 

I 

40 

3i 

Si 

I7i 

4A 

lA 

S 

8i 

95 

3i 

4i 

I2i 

Si 

61i 

it 

47 

4 

6 

l8 

4l 

lA 

s 

81 

108 

4 

4l 

13 

64 

7A 

I 

55 

•4i 

6i 

2lJ 

4t 

It 

sA 

9i 

140 

4i 

4i 

I3i 

64 

74 

lA 

65 

Ui 

6} 

22i 

SJ 

li 

6§ 

lot 

X9S 

4J 

S 

14 

6} 

7« 

lA 

75 

M 

7l 

23i 

si 

2 

^i 

Hi 

205 

•s 

7J 

H 

6 

2i 

6i 

III 

250 

i ,' ' 

.; r^ .1 
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TABLE  24. 

Bridge  Pins  and  Nuts. 

american  bridge  company  standard. 

All  Dimensions  in  Inches. 


3 1       Dlstuuw  betwecn_Nut8  =GriR.^  • 


I 


To  obtain  grip,  add  A"  for  each  bar.    Nuts  threaded  6  threads  per  Inch. 
To  obtain  distance  between  shoulderB.  add  amount  given  in  table  to  grip. 


Diameter  of  Pin. 
d. 


Pin. 


Thread. 


2 

li 

u 

I 

6 
6 


Add 

to 

Grip. 


Nut. 


Thick- 
ness, 
t 


Diameter. 


ll 

7A 

8| 
91 

lO 

iti 

13 


Depth 


Diam- 
eter 
Rough 
Hole. 


^\ 
si 

si 

s\ 
s] 
si 


^£ 


I.I 
1-7 

H 

tl 

7.8 

9-9 
II.8 

14-3 
i8.6 
23.8 
311 


Pins  marked  *  are  special. 


Pattern 
No. 


PN21 
PN22 
PN23 
PN24 
PN25 
PN26 
PN27 
PN28 
PN29 
PN30 
PN31 
PN32 

PN33 
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TABLE  25. 
CoTTBR  Pins. 

AMBSICAN  BRIDGE   COMPANY  STANDARD. 

All  Dimensions  in  Inches. 


|Sh* G lU-CU 


TS"»"" 


"♦-it'*!*- — o — t;*-!^*! 


Horizontal  or  Vertical  Pin  Finzshrd. 


Horizontal  Pin  Rough  or  Finishbd. 


Pin. 


li 
Ij 

2 

li 

2| 

3, 

^\ 
3} 


Head. 


If 
2 

21 
2} 

21 

3? 

3} 
3i 

U 


I 


+ 
a. 
"C 

O 


Cotter. 


2 

\\ 

4 
5 

I 

6 


Pin. 


It 

l| 

If 

2 

^l 

2} 

2} 

1! 


a 
•C 

O 


Cotter. 


2 

II 

4 
S 

I 

6 
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TABLE  26 
Bearing  Values  of  Pins. 


Pin. 

Bearing  Value  of  Plate  1"  Thick  for  Unit  Stre«  per  Square  Inch  of 

Diam.of  Pin 
in  In. 

Oiam.  in  In. 

Area. 

12  000 

15  000 

20  000 

22  000 

24  000 

I 
ij 

.785 

1.767 
2.40s 

12  000 
15  000 
18  000 
21  000 

15  000 
18  800 
22  500 
26  300 

20  000 
25  000 
30  000 
35  000 

22  000 

27  500 

33  000 

38  500 

24  000 
30  000 
36  000 

42  000 

I 

li 
If 

a- 

21 

3-976 
4.909 
S-940 

24  000 
27  000 
30  000 

33  000 

30  000 
33  800 
37  500 
41  300 

40  000 
45  000 
50  000 
55  000 

44  000 
49  500 
55  000 
60  500 

48  000 
54  000 

60  000 

66  000 

2 

2} 

2 

3 

3* 
3i 

IS 

9.621 
II.04S 

36  000 

39000 

42  000 

45  000 

48  800 
52  500 
56  300 

60  000 
65  000 
70  000 
75  000 

66  000 

71 500 
77000 
82  500 

72  000 

78  000 

84  000 

90  000 

3, 
31 

4, 
4i 
4i 

4! 

12.566 
14.186 
15.904 
17.721 

48  000 
51  000 
54000 
57000 

60  000 
63  800 
67  500 
71  300 

.  80  000 
85  000 
90  000 
95  000 

88  000 

93  SOO 

99000 

104  500 

96  000 

102  000 

108  000 

114  000 

4, 

4f 

n 

4* 

5 

Si 
5 

si 

23.758 
25.967 

00  000 

63  000 
66  000 
69  000 

712^ 
78  800 

82  500 

86  300 

100  000 
105  000 
no  000 
115  000 

no  000 
115  500 
121  CXX) 

126  500 

120  000 
126  000 

132  000 

138  000 

5, 

5} 

St 
si 

6 

6{ 
6} 

28.274 
30.680 

33.183 
35.785 

72  000 

75  000 
78  000 
81  000 

90  000 

93  800 

97  Soo 

loi  300 

120  000 
125  000 
130  000 
135  000 

132  000 

137  500 
143  000 
148  500 

144000 

150  000 
156  000 

162  CXX) 

6 

61 

6 
6} 

7 

7 
7i 

38.485 
41.282 
44-179 
47-173 

84  000 
87  000 
90  000 
93  000 

105  000 
108  800 
112  500 
116  300 

140  OCX) 

145  000 
150  000 
155  000 

154  000 
159  500 

165  000 

170  500 

168  OCX) 

174000 

180  000 

186  OCX) 

7 

7} 

7i 

8 

H 
8i 
81 

50.265 
53.456 
56.745 
60.132 

96  000 

99  000 

102  000 

105  000 

120  OCX) 

123  800 
127  500 
131  300 

160  000 

165  000 
170  000 

175  000 

176  000 

181  500 

187  000 

192  500 

192  000 
198  000 
204  000 

210  OCX) 

8 

8| 
8i 

9, 

9 
91 

63.617 
67.201 
70.882 
74.662 

108  000 
III  000 
114  000 
117  000 

135  000 

138  800 
142  500 
146  300 

180  000 
185  000 
190  000 
195  000 

198  000 

203  500 

209  000 

214  500 

216  000 

222  000 

228  000 

234  000 

9 
9i 
9 
91 

lO 

loi 
lo} 

loi 

78.540 

82.516 

.  86.590 

90.763 

120  000 

123  000 
126  000 
129  000 

150  000 

153  800 
157  500 
161  300 

200  000 
205  000 
210  000 

215  000 

220  000 

225  500 

231  000 

236  506 

240  000 
246  000 
252  000 

258  000 

10 

loi 

io| 

lOf 

II 

II} 

II 

95.033 

99.402 

103.869 

108.434 

132  000 
135  000 
138  000 
141  000 

165  000 
168  800 
172  500 
176  300 

220  000 
225  OCX) 
230  000 
235  000 

242  000 

247  500 

253  000 

258  500 

264  000 
270  000 
276  000 

282  060 

II 
iii 
ii| 
III 

12 

113.097 

144000 

180  000 

240  000 

264  000 

288  000 

12 
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TABLE  27. 
Bending  Moments  on  Pins. 


Pin. 


Diam. 
in  In. 


Am. 


Max.  Moments  in  Indi-Pound*  for  Fiber  Stren  per  Square  Inch  of 


15  000  18  OCX)         20  OCX)         22  000         22   5CX3         24  000         2$  OCX) 


10 

II 
Ili 

lii 
III 

12 


.785 
1.227 
1.767 
2405 

3.142 
3-976 
4909 
5-940 

7.069 

8.296 

9.621 

11.045 

12.566 
14.186 
15.904 
17-721 

19.635 
21.648 

23.758 
25.967 

28.274 
30.680 

33-183 
35.785 

38.485 
41.282 

44.179 

47.173 

50.265 

53-45^ 
56.745 
60.132 

63.617 
67.201 
70.882 
74.662 

78.540 
82.516 
86.590 
90.763 

95.033 
99402 
103.869 
108.434 

113.097 


1  470 

2  880 
4  970 
7  890 

II  800 
16  800 
23  000 
30  600 

39  800 
50  600 
63  100 
77  700 

94  200 
113  000 
134  200 
157  800 

184  100 
213  100 
245  000 
280  000 

318  ICX) 
359  500 
404  400 
452  900 

505  100 

561  2CX) 

621  3CX3 
685  500 


000 

900 

400 

500 


I  073  500 
I  165  500 
I  262  600 
I  364  900 

I  472  600 

I  585  900 
I  704  700 
I  829  400 

1  960  100 

2  096  800 
2  239  700 
2  388  900 

2  544  700 


I  770 

3  450 
5  960 
9  470 

14  ICX3 
20  ICX) 

27  600 
36  800 


47  700 
60  700 
75  800 
93  200 


113  100 
135  700 
161  000 
189  400 

220  900 
255  700 
294  000 
336  000 

381  700 
431  400 
485  300 
543  500 

606  100 
673  400 
745  500 
822  600 

904  800 

992  300 

I  085  300 

I  183  900 

I  288  200 
I  398  600 
I  515  100 
I  637  900 

I  767  100 

1  903  CXX) 

2  045  700 
2  195  300 

2  352  100 
2  516  ICX) 
2  687  600 

2  866  700 

3  053  600 


I  960 

6  630 
10  500 

15  700 

22  400 

30  700 
40  800 

53  000 

67  400 

84  200 
103  500 

125  700 
150  700 
178  900 
210  400 

245  400 

284  100 
326  700 

373  300 

424  100 
479  400 
539  2<x) 
603  900 

673  500 
748  200 
828  400 
914  000 

I  005  3CX3 

I  102  5CX3 

I  205  800 

I  315  400 

I  431  400 

I  554  000 

I  683  500 

I  819  900 

1  963  500 

2  114  5CX3 
2  273  000 

2  439  2CX) 
2  613  400 

2  795  700 

2  986  2CX3 

3  185  2<X) 

3  392  900 


2  160 

4  220 

7  290 

II  580 

17  280 
24  600 
33  700 
44900 

58  300 

74  100 

92  600 

113  900 

138  200 
165  800 
196  800 
231  500 

270  000 
312  500 
359  300 
410  600 

466  500 
527  300 
593  100 
664  3CX) 

740  800 

823  ICX) 
911  2CX3 

I  005  400 
I  105  800 

I  212  8(X) 
I  326  400 
I  446  900 

I  574  500 
I  709  400 

1  851  800 

2  001  900 

2  159  800 
2  325  900 
2  500  3CX) 
2  683  2CX) 

2  874  800 

3  075  2CX) 

3  284  900 
3  503  8cx) 

3  732  200 


2  210 

4  310 

7460 

II  800 
17  700 

25  200 

34  500 
45  900 

59  600 

75  800 

94  700 

116  500 

169  600 
201  300 
236  700 

276  100 
319  600 
367  500 
419  900 

477  100 

606  6cx) 
679  400 

757  700 

841  800 

931  900 

I  028  200 


I  131  000 

I  240  ^00 

I  356  600 

I  479  800 

I  610  3CX) 
I  748  300 

1  893  900 

2  047  4CX) 

2  208  900 
2  378  800 
2  557  100 
2  744  100 

2  940  100 

3  145  100 
3  359  500 
3  583  400 

3  817  000 


2  360 

4  600 

7  950 

12  630 

18  800 
26  800 
36  800 
49  000 

63  600 
80  900 

lOI  CX)0 

124  3CX3 

150  800 
180  900 
214  700 
252  500 

294  500 
340900 
392  000 
447  900 

508  900 

t 75' 200 
47  100 
724  600 

808  2CX) 

897  900 
994  oco 

I  096  800 

I  206  4CX3 
I  323  000 
I  447  000 
I  578  500 

I  717  700 

1  864  800 

2  020  ICX) 
2  183  900 

2  356  200 

2  537  ^ 
2  727  600 

2  927  100 

3  136  ICX> 
3  354  800 
3  583  500 
3  822  3CX) 


2  450 

4  790 

8  280 

13  200 

19  600 

28  CX)0 

38  300 

51  000 

66  300 

84  300 

105  200 

129  400 

157  ICX) 

188  400 
223  700 
263  000 

306  800 
355  200 
408  3CX) 
466600 

530  100 
599  200 

674  CX)0 

754  800 

841  800 

935  300 

I  035  400 

I  142  5CX3 


I  256  600 

I  378  2CX) 

I  507  300 

I  644  2CX) 

I  789  200 

1  942  500 

2  104  300 
2  274  900 


454  400 

643  100 

841  too 
3  049  100 

266  800 
3  494600 


732  8<X) 
981  600 


4  071    5004  241    2CX3 
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TABLE  28. 
Stamdaeds  for  Rivets  and  RivEnNa 


GA6£S 
mmctita 


Lef 


M 


6 


Afax 


^ 


6ttg9 


6 


9m  ^»<^ 


PROPORTiONS  OF/W£T^ 
tn  Inches 


Outme^  rM^hi 


fuUHead 


C        0 


Geonftatmk 


i 


/i 


/| 


^ 


a 


ih 


ih 


i 


2{ 


Whenfilfxcwfj^ 


i 


'h 


B 


H 


/| 


7 

79 


H 


H 


I 


/i 


^ 


//I 


msr5PAaN6 


I 


/^ 


H 


H 


H 


;l 


'ttfRimMikDahn 


meha 


I 

7 


h 


M 


i 


Mies 


JL 


& 


h 


2k 


Ik 


'i 


I 


i 


2i 


/l 


H 


titNiMUM  5TA66£R  fVff  RIVETS 
iniffche^ 


^OT 


/f 


I 


/| 


I 


I 


i 


/l 


Ik 


I 


I 


/i 


I 


/ 


inches '^rfKft  for 9 fM^ 


MINIMUM 
Bl/TTONSEp 
fe^andjiRIMs 

ArUMlskssHmi 


Zl^ 


STANDARD 

CUARANCE 

fVR/W£nNS 


'i 


/i 


'k 


b 
tn  inches 


Ik 


Ih 


± 


li 


Ih 


li 


imT5INCRlHP£Dif 


«r/ffii«»{//l» 


Ih 


li 


■Ih 


li 


Ih 


li 


Ih 


^ 


h 


I 


fh 


Ik. 


Ih 


Ik 
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TABLE  29. 
Standards  for  Riveting. 


D/srmcf  j  to  (tor  Smoe^PEP P/v^rs. 


X 


^ 


>s 


\ 


9 

I 

i. 


T(J) 

I 

K1   (j) 

I 

I 


\ 
I 


0 


CD 


U    H  -t 


I   I 

-{/?i- 


VALUES  OF X FOP  vflQme  mLUEs  ofRqndB. 


Ik 


/i 


/i 


/^ 


/i 


/i 


/I 


^i 


^i 


^1 


2i 


VALUES  OF  A 


I 


7tf 


/;! 


'i 


/i 


/i 


/)! 


2h 


th 


2i 


^ 


// 


fi 


1^ 


/i 


^^i 


2^^ 


2h 


11 


n^ 


fi 


/i 


/i 


/i 


^i^ 


^ 


^i 


2i 


2i 


2^2i 


2i 


fi 


fjs 


fi 


fi 


fH 


2k 


2h 


2k 


2§ 


2h 


2h 


2jk 


2^ 


fi 


/I 


2i 


2h 


2h 


9^ 


2i 


2§ 


2k 


2i 


fh 


f^ 


2i 


2h 


2h 


2i 


2h 


4 


2% 


2^3 


fi 


2i 


2%  2^ 


2k 


2i 


2i 


2^ 


2i2^2^ 


2i 


2i 


/i 


2h 


2h 


2h 


2i 


2i 


2h 


2^ 


fi 


2k2i2i2i 


2i 


2i 


2h 


2i 


2h2k 


2h2i 


2i 


^ 


3k  3i 


2i 


2h2i 


2i 


^m 


2i 


2i 


2-pi 


3k 


3h 


2i 


2^ 


2i 


2ii 


2i 


2% 


2% 


^k 


3k 


2i 


2i 


^ 


2i 


a 


3h 


Sjsh 


2i 


2i2§ 


^a 


2k 


7f3 


2i 


3k 


3h3h 


3k 


3k 


!k 


2i 


2^ 


2i 


3h 


3k 


3h 


% 


3k 


NOT£ '-Valuer  be/ow  or  to  the  right  of  upper  z/gzag  line  are  large  enough  fbr^  Hiv. 
f    ^»  *  *      »     "second     »       "     •      »         ♦ 
r    .  ♦  #    4»       «     "lower       •        #      #      #         n  ^ 
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9 


Digitized  by 


Google 


524 


STRUCTURAL   TABLES. 


TABLE  30. 
Standards  for  Riveting. 


SpftaNG  0F5n66t/feD 

/^/V£T3INflM6LC3 


■^c^ 


n 


A 


^  //7 


ir 


ih 


li 


IK 


// 


/J 


//' 


^ 


Vtf 


// 


/re 


IF 
'J 


// 


bininches 


&/7K 


^ 


/^ 


h 


/i 


/i 


li 


//i 


/ 


T 

^7" 


f6 


i 


^rAi 


3Tfl66£fr  0F/^/VtT3R£Q0/fr£D 
ToMff/NTfllN  t^£T5tCTI0ff 


If 


Ih 


T 


IF 


Ih 


li 


1 


T 


i 


a'/for^r/¥eti(;ffarfnyeb;  ti for f rivets 


"A  b  \^ 
y-dimkofrk-i'^'' 

b»  yZayfp 

TwoHoii50crr 


M 


%x 


■\- 


-4^ 


^ 


Svmof 
Gages 


I 


/i 


Zi 


ii 


Sizeofffvet 


li 


li 


a 


H 


2% 


1% 


4i 


5i 


6i 


n 


ii 


il 


li 


3i 


ii 


3/ 


It 


3/ 


3/ 


/i 


^' 


Zi 


21 


li 


3i 


3i 


H 


H 


3/ 


^ 


4i 


4    \4i 


WithlrmUihmember  deduct  ZrivetsiFb  <bintabk.  ^^4fe^&^-Jy 

'*  Z  ''     "     "  "    /    s,      b^bs,    u  ^«  j^^     t 

''  3   -     ''     ''  ^3    ''      ^^^.^    -  farfri^takebf/i55fhanbf6rf 

II  ^   1    t     •»  ii    2  'f      b>b''    "  ^ /" "     ^   ""       " 
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TABLE  31. 
Standards  for  RivBrma 


IV  IV 


U444-.r-^ 


'^r-FTT->  <>-  , 


Cleamnce  for  Cover  Plate  Pivetins 


■I 


<^ 


1= ^ 

t.i...  ^--L;    , 

IK       ....       _zq 


K-WW-M 


K' 


5/ 


^^ 


i-i 


i!^ 


r 


2j2^2i2}2i 


2i 


// 


Pi 


"PMy^ 


/i 


/i 


^ 


3  3i 


r 


w 


a 


s' 


3i 


51 


5i5§ 


MiNMUM  5TAS6ER  FOR  RiYETS 


!— < 


'■-M 


V   ^ 


^&/i^«  o/'Z)  //7  Inches' 


Y 
fl^ 


/ 


// 


2h 


i 

Ik 
li 

2 


// 


1^' 


/i 

'i 


//' 


/i 
/I 


// 


/i 


/i' 


/i^ 


I 

/ 


'/6 


/i 


/i' 


/i 


/r 


2i' 


2i' 


2f: 


CL£ARANC£  for 
W£B  RlYETlNG 


RlY£TS  IN  CRIMKP 

Angles 


-tx 


iif^ 


i 


i"'ji\fi>rj'Riwta 


Tl 


1) — r- 


Standard  Rivet  Dies 


zi 


/fe^a/TCtf  "b"* should  be 
If  plus  tNckness  <^  chord 
angles,  babnevwhss  than  2"* 


\2'\fx>rfRNebs 

\2y'  H  /'  M 
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TABLE  32. 

ambkican  bkidgb  company  standaxd. 

Lengths  of  Field  Rivets  for  Various  Grips. 

Dimensions  in  Inches. 


•~Oi^  o'"* 


♦-Grip,  cr* 


lJ=fa  p3=:) 


[• — -LcHVth — 


♦"-Oripi  6    "*\ 


•"KSripi  ft  ■• 


Ii=ito  (=tn=) 


Diameter. 


Grip  a. 


Gripb. 


Diameter. 


3 

at 


2 
2 

2 
2 

2  : 

It 


3 

3 

3 

3t 

4, 

4i 

4t 

4f 

4f 
4} 

4i 

5, 

Si: 

5: 

5 

si 

6 
6 
6: 

6} 


It 

2 

;! 

2l 

2i 
2f 


I' 

6 

1 

7| 
7f 

71 
7J 
8 


2 

2: 

2 
2; 

2I 
2} 

2} 


6 

^ 

6 

6 

6 

6 

?» 

7? 

?i 

8 

8i 

8i 


I- 

ir 
li- 
I 

il 
i| 
1} 

2 

2;t 
2 
2 
2 


1 

2j 

3 

3 

■ 

3 

3f 

4 

4 

4 

4 

4 

4 

4* 

4i 
5 

S-: 
S 

I 

6i 


li 
If 

li 
i| 

:l 

2 

2  : 

2 

2 

2 

2 

ii 

3f 
3t 
3f 

31 


n 

4f 
4} 

41 

ii 

S 
5 
S 

6i 
61 


I:' 
I;- 
I:: 

II 

2 
2 
2 
21 

2:: 

2i: 


3 

3t 

3 

3 

3 

3 

3 

3t 

Ji 

4i 
4i 
4i 
4f 
4} 
4} 

5, 
si 

Si 

i 

6i 

^ 
6 

6 

6 

6 

7i 


1 
I 
I 
I 

It 
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2t 
2| 

2} 

2t 


61 


3 

?! 


TJ 
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TABLE  33 

Shbasing  and  Bbabing  Value  of  Rivets 

Values  above  or  to  right  of  upper  zigzag  lines  are  greater  than  double  shear. 
Values  below  or  to  left  of  lower  zigzag  lines  are  less  than  single  shear. 
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Rivet 


u 


i^ 


.196 

.307 
.442 
.601 
.785 


1 180 
1 840 
2650 
3  610 
4710 


Bearing  Value  for  Different  Thicknesaei  of  Plate  at  12  000  Lbs.  Per  Square  Inch. 


I  500 
1880 


2  2502 

2630 

3000 


A"  f"   A"    i"    ft"    I"    w    r    H"    r    if"    I" 


8802 


I 

2340 

810 


3  2801 

3750 


250 
2810 
3380 


4500 


2630 


3  28o[ 

3940 
4590 

5260 


3000 

nss. 


4500 
5250 
6000 


506c 

5  910 
6750 


4690 
5630 


6560 
7500 


6190 


7220 
8250 


6750 
7880 


900C 


8530 
9750 


9190 
10500 


9840 
II  250 


12000 


Rivet 


Bearing  Value  for  Different  ThickneMes  of  Plate  at  15  000  Lbe.  Per  Square  Inch 


i"   ft"   i 


ft" 


i'' 


ft" 


tt" 


i"     if- 


I"     if" 


196 
•307 

,601 
78s 


1470 
2300 
3310 

4SIO 
5890 


1880 

L2io 


2810 
3520 

4220 
280  4  100  4920 


8102 


2340 
2930 
520 


280 


2 

3 
37504690 


5630 


4  100 
4920 
5740 
6560 


3  750 
1622 


5630 
6560 
7500 


1270 


6330 
7380 
8440 


5860 
7030 


8200 
9380 


2730 


9020 
10  310 


8440 
9  840  IP  660 
II  250  12  190 


II  480 
13  130 


12300 
14060 


15000 


Rivet 


Beating  Value  for  Different  Thicknenee  of  Plate  at  ao  000  Lbs.  Per  Square  Inch 


Bearing  Value  for  Different  ThickneMes  of  Plate  at  aa  000  Lbs.  Per  Square  Inch 


i" 


ft"    i" 


ft" 


f"     ii' 


f" 


if" 


i"     if" 


196 
307 
.442 
.601 
.785 


2 160 
3370 
4860 
6610 
8640 


2750 

ijo 

413 

4810 

5500 


3440 

300 

160 


6020 

6880 


4130 

5  160 

6  190 
7220 


l8io 


8250 


6020 
7220 
8420 
9630 


5500 
6880 


8250 
9630 
II  000 


2732, 


280  10 


9 

10830 
12  380 


8590 
210 


I2O30[ 

13750 


II 340 
13  230 


15 130 


12380 

1444015640 

16  500117  880 


16840 
19250 


18050 
20630 


22  000 


Rivet 


i4 

<.7 


Bearing  Value  for  Different  Thickneaaet  of  Plate  at  a4  000  Lbs.  Per  Square  Inch 


s 


i& 


i" 


.196 
.307 
.442 
.601 

.785 


2360 
3680 
5300 
7220 
9420 


3000 

LZio 


4  500^ 

5250 

6000 


3750 
4690 
630 


6 
7500 


560^ 


f" 


4500 
5630 
6750 
880 


9000 


ft"   i"   ft" 


iiS2 


6560 

7880 

9190 

10500 


6000 
7500 


9000 
10500 
12000 


m 


10  I30|i 

11  810 
13,500 


f" 


9380 
I  250 


13  130 

15000 


tt" 


12380 


14440 
16500 


f"  if"   J"  H"  I" 


13500 

iizsa 


18000 


17060 
19500 


18380 
21000 


22  500 


24000 


528 


STRUCTURAL  TABLES. 


TABLE  34. 
Multiplication  Table  for  Rivet  Spacing 


1 

Pitcb  a(  Rtveu  ia  Incfae* 

1 

/» 

I\ 

/I 

i\ 

/f 

/i 

ri 

3 

*l 

*i 

d 

*J 

*f 

*1 

2i 

J 

2 

I 

'2 

-»i 

-2j 

-ai 

-  3 

-3i 

-3J 

-3i 

-4 

-4i 

-4i 

-4i 

-  S 

-Si 

-Si 

-Si 

3 

-3! 

-3i 

-4i 

-4i 

-4J 

-Si 

-Si 

-6 

-6f 

-61 

-7i 

-7i 

-7i 

-8i 

-8i 

3 

4 

-4i 

-  S 

-si 

-6 

-6J 

-  7 

-7i 

-  8 

-81 

-9 

-9i 

-10 

-.Oj 

-II 

-l.J 

4 

S 

-St 

-6J 

-6J 

-7l 

-8t 

-81 

-9i 

-10 

-.d 

-Hi 

-Hi 

I-Oj 

i-ii 

i-il 

I-2i 

5 

6 

-6! 

-7i 

-8} 

-9 

-9i 

-loi 

-Hi 

I-  0 

.-d 

l-.i 

I-  2i 

I-  3 

i-3i 

i-4i 

I- Si 

6 

7 

-7i 

-8! 

-9l 

-lOj 

-III 

i-oi 

i-ii 

I-  2 

.-2i 

i-3i 

i-4i 

I- Si 

.-6f 

«-7i 

i-8i 

7 

8 

-9 

-10 

-II 

1-  0 

I-  I 

I-  2 

I-  3 

1-4 

I-  s 

1-6 

1-7 

I-  8 

1-9 

J-IO 

I-II 

8 

9 

-loi 

-Hi 

i-d 

I-Ii 

I-2f 

i-3i 

.-4i 

1-6 

«-7i 

.-8i 

i-9f 

1-.0I 

i-i.l 

2-0I 

2-li 

9 

10 

-iij 

i-oi 

i-ij 

1-3 

i-4i 

I- si 

.-61 

I-  8 

i-9i 

i-ioi 

.-..1 

2-  I 

2-2i 

2-3i 

»-4i 

10 

II 

i-o| 

1-1} 

i-3t 

i-4i 

I- Si 

.-7} 

.-8f 

I-JO 

i-ii} 

2-  ©1 

2-2I 

2-3i 

»-4i 

2-6i 

2-7i 

II 

12 

i-ii 

I-  3 

i-4i 

I-  6 

1-7J 

1-9 

.-.oj 

2-  0 

2-1I 

*-3 

2-4i 

2-6 

2-7i 

2-9 

2-ioi 

12 

T3 

i-*f 

i-4i 

I- Si 

i-7i 

1-9I 

i-iol 

2-0I 

2-  2 

*-3l 

*-si 

2-61 

2-8i 

2-.oi 

2-Hl 

3- If 

13 

H 

i-3i 

i-si 

i-7i 

1-9 

i-xoi 

2-Oi 

2-2i 

2-4 

*-si 

*-7i 

2-9i 

2-.  I 

3-ol 

3-  *i 

3-4i 

H 

15 

>-4J 

.-61 

i-8i 

i-ioj 

2-0I 

2-2i 

2^4i 

2-6 

2-7i 

2-9i 

2-1 1| 

3-ii 

3-3i 

3- si 

3-  7i 

15 

i6 

1-6 

I-  8 

I-IO 

2-  0 

2-  2 

*-  4 

2-6 

2-  8 

2-10 

3-0 

3-  2 

3-4 

3-6 

3-8 

3-10 

16 

n 

I- Ik 

i-.9i 

i-iil 

2-li 

*-3i 

2- Si 

2-7i 

2-10 

3-oi 

3-  »i 

3-4l 

3-6J 

3-81 

3-iol 

4-oJ 

17 

i8 

I-8J 

i-io} 

2-  0\ 

2-  3 

2- Si 

2-  7i 

2-  9I 

3-0 

3-  *i 

3-4i 

3-61 

3-9 

3-..i 

4-ii 

4-3i 

18 

19 

i-9f 

i-iil 

2-2l 

a-4i 

2-6i 

2-9J 

2-1  if 

3-  2 

3-4I 

3-61 

3-9i 

3-iii 

4-ii 

4-4i 

4-6f 

19 

20 

I-lOj 

a-  I 

»-3J 

2-6 

2-8J 

2-1 1 

3-iJ 

3-4 

3-6i 

3-9 

3-.ii 

4-  * 

4-4i 

4-7 

4-9i 

20 

21 

I-U» 

*-2i 

*-4J 

2-7i 

2-ioi 

3-0} 

3-  3l 

3-6 

3-8» 

3-"i 

4-  If 

4-4i 

4-7i 

4-9i 

S-of 

21 

22 

»-0} 

»-34 

*-6} 

2-9 

2-1  li 

3-»i 

3- Si 

3-8 

3-ioi 

4-«i 

4-4i 

4-7 

4-9i 

S-oi 

S-3i 

22 

23 

«-Ii 

*-4f 

»-7l 

2-I01 

3- If 

3-4i 

3-7i 

3-.0 

4-0} 

4-3i 

4-61 

4-9i 

S-oi 

S-3i 

S-6i 

23 

H 

*-  3 

2-6 

2-9 

3-0 

3-  3 

3-6 

3-9 

4-0 

4-3 

4-6 

4-9 

S-o 

S-3 

S-6 

S-9 

24 

25 

*-4» 

2-  7i 

»-io| 

3-iJ 

3-4I 

3-7i 

3-ioi 

4-  « 

4- Si 

4-8i 

4-"i 

s-»i 

s-sf 

S-81 

S-iii 

25 

26 

«-sJ 

2-8J 

2-n} 

3-3 

3-6i 

3-9J 

4-0I 

4-4 

4-7i 

4-ioi 

s-iJ 

s-  s 

S-8i 

S-ni 

fr-2i 

26 

27 

»-6f 

2-9| 

3-i» 

3-4i 

3-7i 

3-ni 

4-*l 

4-6 

4-9I 

S-ol 

S-4i 

S-7i 

S-iof 

fr-2i 

6- si 

27 

28 

«-7i 

2-1 1 

3-*i 

3-6 

3-9i 

4-  I 

4-4J 

4-8 

4-i.i 

S-  3 

S-6i 

S-io 

6-ii 

6-S 

6-8i 

28 

29 

»-8» 

3-oi 

3-3i 

3-7l 

3-1  li 

4-*i 

4-61 

4-.0 

s-il 

S-Si 

S-8i 

6-oi 

6-4i 

6-7i 

6-1  li 

29 

30 

«-9! 

3-.i 

3- Si 

3-9 

4-oi 

4-4J 

4-8i 

S-o 

s-3i 

s-7i 

S-ni 

6-3 

6-61 

6-ioi 

7-2i 

30 

I 

/t 

/i 

'i 

li 

li 

/i 

/f 

2 

*i 

'I 

H 

4 

*i 

4 

'i 

1 
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TABLE  H.— Continued 
Multiplication  Table  for  Rivet  Spacing 


s 

Pitch  of  RlveU  In  Inches                                                                       n 

3 

3i 

ii 

it 

ii 

ii 

4 

4i 

4i 

4i 

s 

5} 

Si 

5i 

6    1 

/ 

2 

J 

-6 

-6i 

-6J 

-6} 

-  7 

-7i 

-8 

-8} 

-9 

-9} 

-10 

-10} 

-11 

-Hi 

i-o  2 

3 

-9 

-9l 

-9l 

-lOi 

-loj 

-Hi 

I-O 

l-oi 

1-1} 

1-2} 

1-  3 

i-3i 

1-4} 

1-5} 

i-^  3 

4 

I-O 

i-oi 

I-  I 

i-ii 

I-  2 

I-  3 

1-4 

I-  5 

1-6 

1-7 

1-  8 

1-9 

I-IO 

i-ii 

2-0  ^ 

S 

1-3 

i-3f 

i-4i 

1-4} 

I- Si 

i-6i 

1-8 

1-9} 

•i-io} 

l-lli 

2-  I 

2-2} 

2-3i 

2-4f 

2-6  s 

6 

1-6 

1-61 

i-7i 

i-8i 

1-9 

I-I0§ 

2-0 

2-1} 

2-  3 

2-4} 

2-  6 

2^7} 

2-  9 

2-IOi 

3-0   (5 

7 

1-9 

1-9J 

i-ioi 

i-iii 

*-oJ 

2-2i 

2-4 

*-s} 

2-7} 

2-9i 

a-ii 

3-0} 

3-2i 

3-4i 

3-6   7 

8 

2-0 

*-  1 

2-  a 

2-3 

2-  4 

2-6 

2-8 

*-10 

3-0 

3-  2 

3-4 

3-6 

3-8 

3-10 

4-0  8 

9 

*-} 

«-4i 

»-si 

2-6{ 

2-7i 

*-  9i 

3-0 

3-2} 

3-4} 

3-6} 

3-9 

3-11} 

4-i| 

4-3l 

4-6  P 

10 

2-6 

*-7i 

2-8i 

2-9i 

2-1 1 

3-1} 

3-4 

3-6} 

3-9 

3-11} 

4-  « 

4-4} 

4-7 

4-9* 

5-0/0 

II 

*-9 

*-io| 

2-1 1} 

3-1} 

3-  2i 

3-5} 

3-8 

3-IO} 

4-1} 

4-4} 

4-7 

4-9} 

5-oi 

5-3i 

5-6/1 

12 

3-0 

3-iJ 

3-  3 

3-4} 

3-6 

3-9 

4-0 

4-  3 

4-6 

4-9 

5-0 

5-3 

5-6 

5-9 

6-0/2 

^3 

3-3 

3-4l 

3-6} 

3-7i 

3-9} 

4-0} 

4-4 

4-7} 

4-10} 

5-1} 

5-S 

5-8} 

s-iii 

6-2i 

6-6/i 

14 

3-6 

3-7i 

3-9i 

3-"} 

4-  I 

4-4} 

4-8 

4-n} 

5-  3 

5-6} 

S-10 

6-1} 

6-5 

6-8i 

7^/^ 

15 

3-9 

3-loi 

4-0} 

4- at 

4-4} 

4-8} 

5-0 

5-3i 

5-7} 

5-"} 

6-3 

6-6} 

6-ioi 

7-2i 

T^^i 

i6 

4-0 

4-  * 

4-4 

4-6 

4-  8 

5-0 

5-4 

5-8 

6-0 

6-4 

6-8 

7-  0 

7-4 

7-8 

8-0/6 

J7 

4-3 

4- Si 

4-7} 

4-9} 

4-11} 

5-3} 

5-8 

6-oi 

6-4} 

6-  8f 

7-  I 

7-5} 

7-9J 

8-  If 

8-6/7 

i8 

4-6 

4-8i 

4-ioi 

5-0} 

S-3 

5-7} 

6-0 

6-4} 

6-9 

7-1} 

7-6 

7-10} 

8-3 

8-7i 

9-0/^ 

19 

4-9 

4-1II 

s-i} 

5-4} 

5-6} 

5-11} 

6-4 

6-8i 

7-1} 

7-6} 

7-11 

8-3i 

8-  8} 

9-ii 

9-6 /p 

20 

S-o 

s-»l 

s-s 

S-7i 

S-io 

6-3 

6-8 

7-  I 

7-6 

7-11 

8-4 

8-9 

9-  a 

9-  7 

10-020 

21 

S-3 

s-sf 

5-8} 

S-io| 

6-ii 

6-6i 

7-0 

7-5} 

7-IO} 

8-3} 

8-9 

9-2} 

^7i 

10-  of 

10-62/ 

22 

S-6 

S-8| 

s-"i 

6-2i 

6-5 

6-IO} 

7-4 

7-9} 

8-3 

8-8} 

9-  » 

9-7} 

10-  I 

10-6} 

11-022 

^3 

S-9 

s-iii 

6-2} 

6- si 

6-8} 

7-*} 

7-8 

8-1} 

8-7} 

9-1} 

9-  7 

10-  oj 

10-  6J 

11-0} 

1 1-6  2 J 

24 

6-0 

6-3 

6-6 

6-9 

7-0 

7-6 

8-c 

8-6 

9-0 

9-6 

10-  0 

10-  6 

II-  0 

II- 6 

I7r0  24 

25 

6-3 

6-6i 

6-9} 

7-o| 

7-3i 

7-9i 

8-4 

8-ioi 

9-4i 

9-10} 

10-  s 

10-11} 

II- 5* 

11-11} 

12-625 

26 

6-6 

6-9i 

7-oi 

7-3} 

7-7 

8-1} 

8-8 

9-2} 

9-9 

10-  3} 

10-10 

11-4} 

ii-ii 

12- si 

13-02(5 

27 

6-9 

7- of 

7-3} 

7-7} 

7-10} 

8-5} 

9-0 

9-6} 

lO-   l} 

10-  8i 

11-  3 

11-  9} 

12-  4J 

i2-iii 

13-627 

28 

7^ 

7-3J 

7-  7 

7-ioi 

8-  2 

8-9 

9-4 

9-1 1 

lo-  6 

11-  1 

11-  8 

12-  3 

12-10 

13-  5 

14-0  2<^ 

29 

7-3 

7-61 

7-10} 

8-ii&-si 

9-0?   9-8 

10-  3} 

lo-io} 

11- Si 

12-  1 

12-  8} 

13-  3i 

13-10J 

14-6  2p 

so 

7-6 

7-9} 

8-ii 

8- si  8- 9 

9-  4}io-oio-  7} 

11-  3 

11-10} 

12-  6 

13-  1} 

13-  9 

14- 4i 

15-050 

I 

3 

Jt 

J} 

ji 

Ji 

3i 

4 

4i 

4i 

4i 

5 

Si 

5i 

5i 

'    I 

Pitch  of  Rivets  in  Inches                                                                     \&\ 
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TABLE  35. 
Arbas  to  be  Dbductbd  for  Rivet  Holes,  Maximum  Rivets,  and  Rivet  Spacing. 


Arbas  in  Square  Inches,  to  bb  Dbductbd  from  Riveted  Plates  or  Shapes  to  Obtain  Net  Areas.       1 

Thickness 
of  Plates. 

Diameter  of  Hole  in  Inches  (Diara.  of  Rivet  +  i"). 

Inches. 

i 

ft 

1 

ft 

i 

ft 

f 

u 

1 

ii 

i 

il 

I 

ift 

i» 

Ift 

Ik 

J 

.06 

.08 

.09 

.11 

.13 

.14 

.16 

.17 

.19 

.20 

.22 

.23 

.25 

.27 

.28 

.30 

.31 

A 

.08 

.10 

.12 

\t 

.16 

.18 

.20 

.21 

.23 

.25 

.27 

.29 

.31 

.33 

•35. 

.37 

.39 

f . 

.09 

.12 

:\i 

.19 

.21 

.23 

.26 

.28 

.30 

.33 

.35 

.38 

.40 

42 

45 

47 

A 

.11 

.14 

.19 

.22 

.25 

.27 

.30 

.33 

.36 

.38 

.41 

.44 

46 

.49 

.52 

.55 

} 

.13 

.16 

.19 

.22 

.25 

.28 

.31 

.34 

.38 

.41 

.44 

47 

.50 

.53 

.56 

t 

.63 

A 

:\t 

.18 

.21 

.25 

.28 

•32 

.35 

•39 

42 

.46 

.49 

.53 

.56 

.60 

.63 

.70 

t 

.20 

.23 

.27 

.31 

•35 

.39 

.43 

.47 

.51 

.55 

.59 

.63 

.66 

.70 

.74 

.78 

H 

.17 

.21 

.26 

.30 

.34 

.39 

.43 

.47 

.52 

.56 

.60 

.64 

.69 

.73 

'77 

.82 

.86 

] 

.19 

.23 

.28 

.33 

.38 

42 

.47 

.52 

.56 

.61 

.66 

.70 

.75 

.80 

.84 

.89 

.94 

1 

.20 

.25 

.30 

.36 

.41 

.46 

•51 

.56 

.61 

.66 

.71 

.76 

.81 

.86 

.91 

.96 

1. 02 

T. 

.22 

.27 

.33 

.38 

.44 

.49 

.55 

.60 

.66 

.71 

'77 

.82 

.88 

.93 

.98 

1.04 

1.09 

« 

.23 

.29 

.35 

.41 

.47 

.53 

.59 

.64 

.70 

.76 

.82 

.88 

.94 

1. 00 

1.0S 

I. II 

1.17 

•as 

.31 

.38 

■^ 

.50 

.56 

.63 

.69 

.75 

.81 

.88 

.94 

1.00 

1.06 

1.13 

1.19 

1.25 

'^ 

•*z 

•33 

.40 

•53 

.60 

.66 

.73 

.80 

.86 

.93 

1.00 

1.06 

1.13 

1.20 

1.26 

1.33 

it 

.28 

.35 

.42 

.49 

.56 

.63 

.70 

.77 

.84 

.91 

.98 

1.05 

1.13 

1.20 

1.27 

1.34 

1.41 

Ift 

.30 

.37 

.45 

•52 

.59 

.67 

.74 

.82 

.89 

.96 

1.04 

I. II 

1.19 

1.26 

1.34 

141 

1.48 

1} 

.31 

.39 

.47 

.55 

.63 

.70 

.78 

.86 

.94 

1.02 

1.09 

1.17 

1.25 

1.33 

1.41 

1.48 

1.56 

lA 

.33 

.41 

.49 

.57 

.66 

.74 

.82 

.90 

.98 

1.07 

1.15 

1.23 

131 

1.39 

1.48 

1.56 

1.64 

If 

a 

.43 

•52 

.60 

.69 

'77 

.86 

•95 

1.03 

1. 12 

1.20 

1.29 

1.38 

1.46 

1-55 

1.63 

1.72 

lA 

.45 

•54 

.63 

.72 

.81 

.90 

.99 

1.08 

1.17 

1.26 

1.3s 

1.44 

153 

1.62 

1.71 

1.80 

i| 

.38 

.47 

.56 

.66 

.75 

.84 

.94 

1.03 

1.13 

1.22 

1.3 1 

1.41 

1.50 

'•5? 

1.69 

1.78 

1.88 

"^ 

.39 

.49 

•59 

.68 

.7« 

.88 

.98 

1.07 

1.17 

1.27 

1.37 

1.46 

1.56 

1.66 

1.76 

1.86 

195 

i| 

.41 

.51 

.61 

.71 

.81 

.91 

1.02 

1. 12 

1.22 

1.32 

1.42 

1.52 

1.63 

173 

1.83 

1.93 

2.03 

itt 

.42 

.53 

.63 

.74 

.84 

•95 

I. OS 

1.16 

1.27 

1.37 

1.47 

1.58 

1.69 

1.79 

1.90 

2.00 

2.11 

i} 

.44 

.55 

.66 

'77 

.88 

.98 

1.09 

1.20 

1.31 

1.42 

1.53 

1.64 

^'l^ 

1.86 

1.97 

2.08 

2.19 

If 

.45 

.57 

.68 

'79 

•91 

1.02 

1.13 

1.25 

1.36 

147 

1.59 

1.70 

1.81 

1.93 

2.04 

2.1C 

2.27 

.47 

.59 

.70 

.82 

.94 

i.os 

1.17 

1.29 

1.41 

1.52 

1.64 

1.76 

1.88 

1.99 

2.11 

2.23 

2.34 

If 

.48 

.61 

•73 

.85 

.97 

1.09 

1.21 

1.33 

1^45 

1.57 

1.70 

1.82 

1.94 

2.06 

•2.18 

2.30 

2.42 

.50 

.63 

.75 

.88 

1.00 

i.i3|i.25 

1.38 

i.S0|i.63 

175 

1.88 

2.00 

2.13 

2.2s    2.38 

2.50 

Maximum  Rivet  in  Leg  op  Angles  or  Flange  < 

3P  Beams  and  Channels. 

Leg  of  A 
Max.  Ri^ 

nglc 
^et 

1 

I 

i 
1 

■i 

■1 

6 
t 

■1 

If 

i 

8 

i 

2 

1. 

10 

i 

12 

i 

1 
1 

II 

t    I 

5     20 

6 
i 

1 

7 

I 

8 

Depth  of 
Max.  Rh 

Beam 

^et 

Depth  oi 

Channel 

I 

t 

5. 

6 

7^ 

8 

9 

10    12 

1 

Max.  Rii 

^et 

i 

i 

1 

i 

i 

Ji   i 

Rivet  Spacing  in  Inches.                                                                      | 

Minimum  Pitch. 

Max.  Pitch  in  Line  of  Stress. 

Min.  Edge  Dist. 

Size  of 

Max.  Edge 

Rivet. 

Allowed. 

Preferred 

At  Ends  of 
Comp.Mem. 

Bridges. 

Bl 

d-gs. 

Sheared. 

Rolled. 

Dist. 

4" 

] 
] 

[ 
t 

If 

i 

2 
2* 

u 

16  X  thick- 
ness of 
thinnest 
outside 
plate. 

6 

(C 

I 

li 

i 

I 

Hi 

' 

I 
I 

2i 

3 

i» 

I 

«c 

I 
I 

:! 

D 
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by 

Go 

C 

'gi 

e 

STRUCTURAL  TABLES. 


531 


TABLE  36. 

Old  Standard  Connbctions  pok  Beams  and  Cbamnbls. 

AuBucAN  Budge  Company. 


5ize 


Two  AM6LE  CONNECTIONS 


ONEAM6LECOMNECTI0W5 


24 


Weiqht56pouncld 


in 


—  ]f 


0 


"  r"  1  ^  \*  ri' 


M 


IL  6x6x15x1-52 
Weiqbt  30  pounds 


'^^r     ^i 


20 
18 


2l!4VxJ'.ft{' 

Weiqhb  50  pounds 


I L  6x6x^x1-1!' 
Weiqht£5pound5 


15 


p«   **7*  1^* 


'ia^f^,  2li6x4xf»xl0 
Ej|weiqht27pnd5 


..?ii 


[5tj      ^' 


f**H  


"  >.«7*   tfJI 


g,  IL6x6ii<IO 
-■^-'  WeiqhtnpMn* 


IE 


PMti-«> 


i5f"!        iK 


2l5  6xai7r 
Weiqht  20  pounds 


_  w  ^  •  7  #r 


jteriM    IL6x6xiix7i 
'fr:       Weiqhtl3poimds 


10' 


Zl!6x4xiix5 


"^      yC*      Weight  14pounds 


3::«.i 


IL6x6x^'x.5' 


K 
3' 


isl-: 


_6&5 


2^6x4x^x2^ 
^  Weight  1  pounds 
'2li6x4x4xf 
Weiqht  6  pounds 


H  11 

6&b 
ii^'     jfSf  455* 


H  ^tfH   _  |«f 


IL6x6xU^ 
Weiqht  5  pounds 
nL6x6xU 


Weiqhts  of  connections  include  qross  weiqhtsof  anqles  and  weiqhtsoF  j  shop  rivets 
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TABLE  37. 
New  Standard  Connections  for  Beams  and  Channels. 


American  Bridge  Company. 


Rhnrts  and  boIts-Ji'cliam. 

io;'9r8''^      ^jr  g,/ 5^ 


s  ABdM  ^Tx  ^^e«  ^'-"^ 


^yt^^tC^lf    tAJMA«e'x4%9rxO'-<^f    2Aiucl«e'x4;9i*xO'-3'' 


Limiting  Values  op  Beam  Connbctions. 


I  Beams. 


Depth, 
laches. 


Weight. 

Lb.  Per 

Foot. 


Value  of  Web 
Connection. 


Shop  Rivets 

hi  Sndoaed 

Bearing, 

Pounds. 


Values  of  Outstanding  Legs  of  Connection  Angles. 


Field  Rivets. 


H"  Rivets  or 

Turned  Bolts. 

Smgle  Shear. 

Pounds. 


Mhi.  Allow- 
able Span  in 

Feet. 
Uniform  Load. 


Field  Bolts. 


H"  Rough 

Bolts.  Single 

Shear,  Pounds. 


Mhi.  Allow- 
able Span  in 

Feet. 
Uniform  Load. 


t. 
In. 


27 
24 
^4 
21 
20 

l8 
i8 
IS 
IS 

12 
12 
ID 
10 
9 

8 
8 

I 


83 
8o 

6S 
55 
46 

36 
34 

27i 

iS 

22 

21 

18 

I7i 

15, 

I2i 


66,800 
67,500 
52,700 
40,200 

45,000 
41,400 
29,000 
36.900 
26,000 
23,600 
17,200 

27,900 
20,900 
26,100 
24,300 
18,900 
11,300 
10,400 
9,S00 


61,900 
S3,ooo 
53,000 
44,200 
35,300 
35,300 
35,300 
35,300 
35,300 
26,500 
26,500 
17,700 
17,700 
17,700 
17,700 
17,700 
8,800 
8,800 
8,800 


18.4 
16.3 

17.6 

13-3 
15.0 

8.9 
II. I 

8.1 
10.3 

6.9 
5.7 
4-3 

n 

4.4 
2.9 


} 


49,500 
42,400 
42,400 
35,300 
28,300 
28,300 
28,300 
28,300 
28,300 
21,200 
21,200 
14,100 
14,100 
14,100 
14,100 
14,100 
7,100 
7,100 
7,100 


23.1 
21.9 
20.2 
17.6 
22.1 
16.7 

154 
II. I 
II. I 
9.0 
10.3 
9.2 

8.6 
7.1 
5-4 
5-5 
7.8 

n 


Allowable  Unit  Stress  in  Pounds  Per  Square  Inch. 


Single 
Shear 


Rivets Shop  12,000 

Rivets  and  Turned  Bolts .  Field  10,000 
Rough  Bolts Field    8,000 


Bearing 


Rivets — enclosed 

Rivets — one  side 

Rivets  and  Turned  Bolts 
Rough  Bolts 


.Shop  30,000 
.Shop  24,000 
.Field  20,000 
.Field  16,000 


ts  Web  thickness,  in  bearing,  to  develop  max.  allowable  reactions,  when  beams  frame 
opposite. 

Connections  are  figured  for  bearing  and  shear  (no  moment  considered). 

The  above  values  agree  with  tests  made  on  beams  under  ordinary  conditions  of  use. 

Where  web  is  enclosed  between  connection  angles  (enclosed  bearing),  values  are  greater 
because  of  the  increased  efficiency  due  to  friction  and  grip. 

Special  connections  shall  be  used  when  any  of  the  limiting  conditions  given  above  are 
exceeded — such  as  end  reaction  from  loaded  beam  being  greater  than  value  of  connection; 
shorter  span  with  beam  fully  loaded;  or  a  less  thickness  of  web  when  maximum  allowable 
reactions  are  used. 
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TABLE  38. 

Standard  Beveled  Beak  Connections. 
Ambbican  Bridge  Company. 


B£V£LED  B£AM  CONNECTIONS  -  RtVET  SPACiNd  i  CLEARANCES 
i'cr/essAjB'  ^^/^s'l^.^^  W'forkss.  use  Standard 

"^'"  ---i:ts>        connection  angles  Cbent)' 

pjL       W'^'tolJiUse  Special 
connection  angies  (bent)* 


/»-/«  c-'i-iTw  "       t',^"' ^    wji,-'   'v  n'«  'W  Omit  cut  P when 

y^  /^/ye  di^icstion  modify  these  dets/h  i^/fere  necessary  to         Xc*i  or  less • 
permit  machine  riveting  •     Table  covers  plates  i/ptoj  "  thicl< 


(a^ifinlZ't^li 

to         Xc^^^orless* 

yF'il'orless* 


a 

b 

Max- 
e 

Max- 
w 

D 

E 

It 

Length  oF  Bent  Plates 

L 

P          1 

P' 

P*     P*      P* 

F'vptoi 

'F-3'eo4 

/' 

12' 

r 

//' 

H' 

I' 

li" 

li' 

2 

12 

'i 

H 

5*e  notes  ahoye- 

li 

1^ 

li 

3 

12 

ji 

li 

2i 

li 

Z 

2i 

4 

12 

« 

li 

3i 

3i' 

2r 

10' 

Hi' 

10" 

12" 

li 

zi 

Zi 

5 

12 

i 

/i 

4 

4 

5 

II 

I2i 

m 

12 

li 

Zi 

3 

6 

12 

ii 

li 

4i 

4i 

3 

12 

I3i 

II 

12 

li 

2i 

3i 

7 

12 

i 

/i 

S 

5 

a 

I2i 

I4i 

Hi 

12 

li 

3 

a 

8 

12 

i 

^*, 

Si 

5i 

H 

13 

isi 

12' 

12 

/I 

H 

4 

3 

12 

i 

li 

H 

12 

H 

3i 

4i 

10 

/2 

i 

li 

3i 

I2i 

2 

4 

5 

// 

12 

i 

li 

5i 

I2i 

2 

4i 

Si 

12 

12 

i 

li 

3i 

I2i 

2i 

4i 

Si 

12 

// 

i 

i 

H 

12 

li 

4i 

Si 

12 

10 

i 

i 

3 

12 

li 

5 

6 

12 

9 

i 

i 

5 

12 

li 

5i 

6i 

12 

8 

i 

i 

5i 

12 

li 

6 

7i 

/2 

7 

i 

i 

a 

I2i 

2 

6i 

6i 

12 

6 

i 

i 

3i 

I2i 

2i 

7i 

10 

12 

S 

i 

i 

4 

13 

2i 

9 

Hi 

/2 

4 

i 

i 

4i 

I3i 

H 

II 

14' 
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TABLE  39. 

Standard  Swat  Rod  and  Lateral  Connbctions. 
American  Bridge  Company. 


5iWK  Rod  Connections- 


N^l-/^W@ 


^Max'4i' 


/  Ki}  For  upset  rods  &  rods  over/ J  round  use  clevises-  f^^^^  ^^-^^  \^  4 
'  Y/  Specify  hexdgonai  nuts  on  all  sway  rodS'     4;*^^^>-v.    /  ^  V^' 
Bolts  can  have  hexsfgonal  or  square  heads  or  nuts\  .^'  -^^^        ^ 
Hole  for  rod  punched  ^  larger  than  rod'  " "  v 

Rod^  round  (not  upset),  dolts  for flround-     Rod  I  "round (not  t^pse^.  Bolts  f^f  round- 
Rod-^  "round (not  upset) y  Bolts  for§  'round'    Rodlj/'round(not  upset).  Bolts  ^^ round- 


A 

3 

SizeoFAngk 

6 

/? 

e'tciz' 

i'tolZ" 
12' 

6UH'S'/0M 
6'x4'4'Shng 

3j' 

3 


Size  oF Angle 


3r 


6'tolA    /?*  S'x4imi44i' 


£.' 


12' 


3EVELED  WASHEHS,  CAST  IRON- 

12'  ^..A. 


SJJ 


s*.: 


/2 


:^{ 


SKETCH  3- 


5«e£o^ 

Roomf 
Pod 

Upset 

A 

B 

C 

D 

E 

F 

^ 

^ 

L 

R 

X 

K 

Size  of M 
in  Plate 

Pounds 

/I 

f /• 

None 

m  X0 

n' 

// 

/' 

r 

i' 

r 

f 

//' 

H' 

/r 

4' 

//' 

/r-^r 

18 

y4 

'    'i 

'^     li 

H 

// 

fi 

^ 

% 

i 

fi 

li 

H 

2 

5 

// 

li'H 

2-€ 

^ 

'     / 

None 

H 

// 

1 

% 

1 

1 

n 

2i 

4i 

2 

4i 

fi 

'f^^' 

23 

B 

'    y/ 

'hi 

n 

// 

li 

^ 

^ 

1 

// 

H 

6 

H 

6 

H 

/i*si 

3-8 

for  rods  above  If  d/am-  use  ckv/s  connections* 
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TABLE  40. 

Standard  Lateral  Connections  for  Highway  Bridges. 

American  Bridge  Company. 

SkewbACK  a",  WBighb  6-8  lbs- 

SkewbdckA  For  ra/s  up  do  /^  round 
or  Is  square  (upset  to  l§  "round)  ; 

for  upsets  /j  diam'  or  less,  ang/e 
of  rod  may  vary  from  52  ^(7^  "in  /?  ") 
to  60^12" in  6^")^ 

for  upsets  greater  than /g  diam-up 
to  tj  diam;  angle  of  rod  may  vary  from 
4li  Y/Ofin  12")  to  60^(12%^  6^)- 

Standard  s/ot  in  beam  3^  ^ff"* 


'  oFweh^ 


^fiadms^ii 


SKEWBACK 'B^I  Weight  17 Ibs^ 


^  v!:^- 


vi^l- 


u^: 


o 


^i^y\f\    4 


.o 


4-- 


«*  ff 


'J 


SkewbackB  for  rods  l:^''round 
or/ J  'square  (upset  to I^" roun(^; 


J/j  ''roumf  (upset  to/^'round)  or 
\l if  "square (upset  to2''rouno 
7r  upsets  i§  "diam*  or  less , 
H  *^-*4*^*«. ^ - ^' ^-  -,  - '>**:^?iai^>^t^-'^  ang/eofrodmay  vary  from 55% 

/   \^^.^-.'',;;ii^?^^*    '(8''ml2')to60'Cl2"in6%'h 
nV/:'     ^^^^^^^'S^S^  '^^^  for  upsets  greater  than  Ij^diam^* 


H%.?:s, 


*"        r.r.  ^P  w,>, k  ^  ^D^j.\ .-  _  /rl "  Standard 


upto2  dim;  angle  oFrod may  vary  from 
"in  12V  to  60^12%  6§')' 


OL'  of  web -^   ^    Radius '4j  Standard  slot  in  beam  4i''^6j^''^ 

SKEWBACK  C^ Weight  25 /bs' 

^-—         Skewback  C  for  rods  /J  round  or 
■^^  I      /i  "square  (upset  to  2  "round); 

-^^      up  toHf^^^"^^^^^  ^^  2f/vundJor 
^    ]l^  square  (upset  to  2£' round) 

Angle  of  rod  may  vary  from 
40fC/0fin  12')  to  64i  '(lZ%S^'] 
for  all  rods* 

Standard  slot  in  beam  4^''^6i'' 
Where  upset  end  of  rod  is  greater 
than  ?j  diam',  hole  in  washer  will 
be  drilled  to  fit  upset  • 


C'L'of  web 


'Pad/US' 4  f 
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TABLE  4L 

Standard  Lateral  Connections  and  Stub  Ends. 

American  Bridge  Company. 


U  Plate  A,  Weight  5^9  Ibs^ 
/hr  rods  up  to  ^'square  orl^k  rwmd (upset tol^V 


Forrwk 


UPlaT£B,  Weight  8-6 Ibs^ 
ysqvdre  or /j/wffK/fvpset  to/0 


\uptolj'si(fanorl§''r9unJ(upsetto2!) 


Vi 


1-- 


+ 


'th 


■^ 


\- 


JK 


7  round,  7jt'/ong 
2/Mx-f/utST  i'Tap- 


Washer  Washer      -^ 

WvghtO-Slbs'  Weigfitllb-       1 

Plate  i'^i'^H'  PbteHH'^sP^ 

Max-ho/e/i'  ^MaxhokZf 


Stub  End  N-l- 
Weight  4-5 /bs- 
Plate  2^'" f'7i' long. 
Holes  ^'dtant' 


i 


4- 


^, 


Stub  End  N^  2' 
Weight  5'BlbS' 

Piate  P'Sc^i;  rf/ong-  PiateZHUi'h/V' 


\!m'2i'iij^'    Plate 


Stub  End  N'^ 3' 

Weight  3-5  ilfs- 


Cooper  Hitch 


Holes  ^"diam 


Moles^diam^ 


[S 


SrtJBEf(DN^4- 
We^5-2fb9' 
Plate  4''*^'S^'/iWf. 


/  fwndj  7/  long   ground,  7j  long  } round,  8"/ong- 
2 Hex- Nuts- J  Tap-  ZHexHuts-^lap-  2HexHutsi% 
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TABLE  42. 

Standard  Lag  Screws,  Hook  Bolts  and  Washers. 
American  Bridge  Company. 


La6  Screws 
Length 


Dixneter 


nfScmnnitai 


J 


M/J7' 


Length  Ungth 


Ji 
/i 
li 
z 

2 
2i 
3 
3i 
5 
6 
8 


Max- 


Ho-Thmi 
pvinch 


6' 
6 
8 

10 
12 
12 
/2 
12 
12 
12 
12 
12 


5 
4 
3 


Ungtheflag 
Screw&fkad 


Lwgth 


IV 
2 

2i 
3 

4 

4i 

5 

5i 

6 

7 

8 

9 

10 

11 

12 


LaUth 


/' 

2 

2i 

2i 

H 
3 


Beam  Clamp 
fCondHok 


!  B    ! 

l«— M«-M 


Size 


\12' 


Dimensions  of  Clamp  Wagfit 
In  lbs- 


A 


18' 

15 

12 

9&K\li 

7S8 

]5SS 


B 


T 

i 
i 

i 

i 


£ 

m 

ih 

1% 

I 


0-4 
0-4 
0-4 
04 
0-4 
0-5 


Ogee  Washers 


4i 

5 
5 
5 


Heads  3n  the  same  as  fbrsqu^vhtad Mts- 
Threaded pm-tknisnott^)&tdaapt^p(M   f 


^. 


rjfy-,'/ -^ —  , 

^     !/feces$  for  nail  fock  •     ^  U- 


5ize 
Bolt 


r 


Dimensions  oF  Washer 


% 


B 


r 

i 


Skewback  Washeps 


Used 
With 


Sarmskns  of  Washers 


M 


2i' 


H' 


N 


4' 
4i 


li 
/i 


2 
2i 


fi' 


zr 


1' 
1 
1 


3J& 


4r 

4% 
4S 


Weight 
in  Pounds 


I'Z 
18 
2-5 


2-7 
30 
i-9 


II* 


r 

i 
i 


might 
infbunds 


0-4 
0-7 
1-0 


I/ookBoits,  ^'orf'Smare^ 


5SL;all  other  (Smisnns  an  stmxbrd^ 
Unless  otherwise spedFted,^^ will 
be  made  ^"'  Hex*  nuts  furnished  - 


Cast  6m  Cup  Washers^ 
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AppRoxfMATC  Radii OFCnfA-nwor  ^Aifious  STffucTURAt  Scct/ons. 


■f 


n-mb 


r^'OISd 
rg^.Sd 


^J        r,^i5d 
\B  d'Mtandiam. 


-Til 

4- — * 


r^'OJd 


't^bA- 


0,'Q3id 


A  li 


\B 


'I  vCild 
-  jj  ft'OISb 


s 


17*- 


r^'CSOd 


•J.--  b  -*i 
1      I      ?» 

''  "' — ^ 

\B 


rs-4Z!b 


••*-l 

t: 


"^  va5/d 


d 


/:• 


r^'AiOd 
rc'OJSd 


r^'OXd 
r^'OJSb 


U-  ^-M 


r^SOb 


l.u 


L  ! 


i 


1  <;'^'»' 


\B 


iff} 

\B 


r^^.^d 
rg'OM 


4tt 


jr !  \1 

\B 


n,'a}ld 
r,-0J4b 


1^ 


■J  r,^0.29d[ 


\B 


\B 


V0.ild 
rg'&48b 


d 

i 
B 


r^'SMb 


\B 


'y.  r^'a4/d 


vOMd 

yom 


K  6 -H      • 

-III--? 
^— I—  d 

_l!l i 


r^-add 
rsMSb 


_W t 


\B 


T  a^OdSd 

.1    ^-^^4/'^ 


Mi 


r^'UfJ/b 


1^ 


rg'a4fb 


m 


045d  A 


V03b 


,hi1- 


^^ 


Ll-J 

\B 


...1 


r^'Mb 


Q'&5/d 

ryO/tb 


0,'OJSd 


I  ,  I- 

'\B 


cdffd 


\B 


K-  6  -H 


■¥l 


r,'A32b 


xT  j  r"T 


<;«^il/ 


J    !    Ll'i'^-^^ 


\a 


5E! 
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Abandonment  of  work 432 

Abutments,  Bridge 323 

Cost  of 447 

Design  of 307,  323 

Examples  of.  .330,  331,  332,  333,  334,  335 

Pedestal. 335 

Timber 344 

Types  of 323,  486 

Adjustable  eye-bars 235,  514 

Advertisement  for  bids 427 

Aggregates,  Size  of 483,  484,  485 

Algebraic  moments. 4,  14,  30,  87,  93,  95,  97,  99 

Algebraic  resolution 4»  5i  ^5i  49 

Stresses  by 77.  79,  81,  83,  85,  87.  93 

Allowable  pressures  on  foundations, 


301,306,313,327,486 
i  Ma 


Allowable  pressures  on  Masonry 306 

Allowable  stresses  in  arches 415,  418,  456 

cast  iron 270,  472 

cast  iron  rockers 472 

concrete 291,  346,  482 

concrete  bridges. .  .269,  346,  349,  351,  482 

steel  bridges 233,  270,  469 

timber 269 

Allowable  stresses  in  timber  bridges 367 

tension  in  angles 492 

Alternate  stresses 469 

Analysis  of  stresses  in  arches.  . .  .402,  405,  483 

Anchorage 473 

Angle  columns 502 

Angle  of  repose 295, 306,  486 

Angles,  Allowable  tension  in . .  i 492 

Areas  of 490 

Connection 474,  531,  532 

Minimum 471 

Net  area  of 492 

Radius  of  gyration  of 495,  496,  497 

Starred 501 

Tension  in 469,  492 

Weights  of 491 

Am.  Soc.  C.  E.,  Report  of  Committee  on 

Concrete 291 

Arch  axis.  Best  shape  of 416 

bridges 401 

Concrete,  see  "Concrete  Arch." 

Cost  of  Concrete 449 

bridge,  Cantilever 365 

culverts 397,  398,  399,  400 

culverts.  Forms  for 456 

Definitions  for  parts  of  an 401 

Length  of  span  of 113,  401,  480 

rib.  Variation  in  thickness  of 417 

ring.  Division  of 416 

Empirical  rule  for  thickness  of 417 

Reinforcement  of .« 417,  483 
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Arch,  Reinforced  concrete 275,  276 

Stresses  in 402,  405,  409 

Two-hinged ill 

Arches,  Allowable  stresses  in 415,  418,  456 

Design  of 483 

Examples  of 418,  419,  420 

Falsework  for 456 

Influence  diagrams  for 413 

Length  of  span  of 113,  401,  480 

Live  load  on 414 

Stresses  in 402,  405,  409,  415 

Temperature  stresses  in 415 

Areas  of  angles 490 

to  be  deducted  for  rivets 530 

Asbestos  sheathing 251 

Asphalt  coating 482 

Assignment  of  contract 431 

Auto  truck 119,  120,  129,  269,  467,  478 

Axial  compression  on  concrete 482 

Baltimore  truss 75,  83,  87,  107 

Bars,  Stress  due  to  weight  in 60 

Spacing  of 290,  293 

Upsets  for 512,  513 

Beam  bridge 106 

Design  of 145,  153 

Examples  of 145,  146,  147,  148,  149 

Weight  of 148,  150 

Beam  clamp 537 

connections 474,  533,  534 

Maximum  moment  in  a 20,  21,  37 

Maximum  shear  in  a 23,  28 

Continuous 293 

Beams,  Design  of 23,  154 

Design  of  .reinforced  concrete 371 

Length  of 292 

reinforced  for  compression 283 

Rectangular 278 

Stresses  in 17 

T- 281,  48a 

Bearing 482 

on  concrete '. . .  469 

on  granite 469 

on  sandstone 469 

pjins 520 

rivets 527 

Bearing  plates 

204,  227,  247,  354,  359,  360,  474,  481.  487 

Beanngs,  Expansion 472 

Rocker 359,  360 

Bed  plates,  see  "Bearing  plates." 

Bending  moments 12,  31 

Bending  moment  in  beam 154 

moments  for  Coopers  E  60  loading ....     45 
in  concrete  beams 480 
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Bending  moments  in  pins 521 

in  slabs 292 

moment  polygon 31 

stresses  in  steel 469 

Bent-up  bars 289,  292,  373,  380,  481 

Beveled  beam  connections 533 

Bids,  Advertisement  for 427 

Bituminous  floor 140,  445,  482 

wearing  surface 139 

Bolster  plates 472 

Bolsters 327,  472 

Bolts 472 

Design  of 264 

Turned 474 

Bond,  Bridge 428,  429 

Bond  stress 288,  292,  374,  379,  480 

Box  culverts 276,  384,  387,  395,  396 

Buoyancy  of  water  on  foimdations 486 

Bricfge  abutments 323 

Bridge,  Arch in,  275,  276,  401,  418,  456 

bond 428,  429 

Camber  of,  see  "Camber." 

Cantilever in,  364 

contracts 426,  427,  428 

floors,  see  "Floors." 

engineering 423 

piers,  see  "Piers." 
pins,  see  "  Pins. " 

plans 425 

Plate  girder,  see  "Plate  Girder." 
Specifications  for,  see  "Specifications" 
Steel,  see  "Steel  bridges.^' 
stresses,  see  "Stresses  in." 

surveys 423 

Swing 1 10 

Suspension 112 

Types  of 103,  113,  205,  207,  465 

Trestle,  see  "  Trestle. " 

Weight  of  steel 435 

Bridges,  Cost  of  erection  of  steel 442,  446 

Economic  span  of 215,  229 

Erection  of 357,  442,  45i»  459.  476 

Impact  on,  see  "  Impact. " 

Loads  on,  see  "Loads"  and  "Live  Loads." 

Overflow 361 

Paintinp,  see  "Painting" 

Protection  of  overhead 251 

Reinforced   concrete,   see    "Reinforced 
bridges." 

Waterway  for 328 

Weight  of,  see  "Weight  of  bridges." 

Width  of  roadway  of. 113,  268,  469 

Broken  stone 483 

Buckle  plates 133,  466,  498 

Button  sets 522 

Bulkhead 265,  272 

Butt  of  pile 267 

BuriB 473 

Camber 67 

of  concrete  girders 477 

of  plate  girders 164 

of  trusses 67,  473 
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Camel-back  truss,  Stresses  in 73»  87,  97 

Cantilever  arch  bridge 365 

beam 17 

bridge Ill,  364 

8^d?r- 364 

retammg  wall 309,  316,  319 

Cast  iron.  Allowable  stresses  in 270,  472 

bearing  blocks 272 

culvert  pipe 388,  392 

pedestal.  Design  of 203 

plates 251 

rockers.  Design  of 203,  226 

rocker 248,  472 

washenB 272 

Cement,  see  "Portland  cement." 

Cement  gun 251 

Centrifugal  stresses 231,  468,  479 

Channel  chord  sections 509 

columns 499,  500 

Chords,  Cost  of 441 

Sections  of 407,  408,  503,  505,  506,  509 

Classes  of  bridges 268,  465,  477 

Clay  pipe  culverts 388 

Clevises 235,  516 

Coffer  dam 329,  487 

Coefficient  of  friction 306 

Columns 481,  482,  499,  500,  502 

Length  of 292 

Reinforced  concrete 288,  291 

Combination  bridge 262 

Combined  stresses 56,  470 

Compression 469 

flanges  of  girders 470 

members 221,  222,  236,  471 

in  reinforced  concrete 291,  292 

Concentrated  loads 21,  119,  120,  126,  312 

Distribution  of 120,  478 

Concurrent  forces 3,  5 

Concrete  abutments 486 

arch  bridges 401,  483 

Concrete  bridges. 

Specifications  for 477 

Types  of 113 

Width  of  roadway 114 

Concrete,  Cost  of  mixing  and  (Placing. 448,  449 

Concrete  culvert  pipe 388,  392,  393,  394 

Depositing  under  water 457 

dip 361 

floor  slabs 120 

Mixing 451,  484 

pieiB 335-339 

Placing 484 

Placing  in  freezing  weather 485 

Proportions 484,  487 
Leinforced,  see  "  Reinforced  concrete. " 

Rubble 485 

Concrete,  Wearing  surface 138 

Connection  angles 474,  533,  534 

Cooper's  abutments 330 

impact  formula 231 

loading,  Stresses  due  to 95,  97 

loads  tor  railway  bridges 34f  45t  126 

moment  table 45 
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Cooper's  piers 336,  340,  341 

specifications 232 

Coping  of  masonry 488 

Construction  of  concrete  bridges 451,  485 

forms 452 

Continuous  beams 293 

girders 363 

Contract  for  bridge 426,  427,  428 

Convential  signs  for  rivets 244 

Corrugated  pipe  culvert 389,  392 

Costs  of  bridges 436,  441 

broken  stone 448 

bituminous  floor 445 

chords 441 

concrete 449 

concrete  culvert  pipe 450 

culverts. .   397,  400,  449,  45© 

driving  piles 449 

erection  of  steel  brid{[es 442,  446 

erection  of  tubular  pters 443 

eye-bars 441 

falsework 441 

floors 140 

forms r 449 

pavel 448 

u-on 437 

lumber 448 

masonry 447 

material 437 

mill  details 439 

mixing  and  placing  concrete 448,  449 

painting 443,  444 

pms. 441 

placing  and  bolting  bridges 443 

plates 437 

posts 441 

sand 441 

steel  reinforcement 448,  449 

structural  steel 445 

shop  labor 440 

tar  mat  on  bridge  floor 445 

Coulomb's  theory 297 

Cotter  pins 245,  519 

Counterfort  retaining  wall 309 

Counters 470,  471 

Creosoted  timber  blocks 138 

floor 137 

specifications 137 

Crushing  of  masonry 301,  307 

Curb 466 

Culverts 277 

Arch 397,  398,  399,  400 

Cast  pipe 388,  392 

Concrete 388,  392,  393,  394 

Corrugated  pipe 389,  392 

Cos?  ®^  v 397,  400,  449.  45© 

Design  of 383 

Fill  on 389 

Length  of 1 14,  477 

Riveted  pipe 389,  392 

Stresses  m 384,  385 

Types  of 113.  383 
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Dead  load,  see  "Loads." 

Deck  girder  bridge 157,  167,  275,  354 

plate  girder 157,  167 

Deck  truss 105,  106 

Defects  of  structural  timber 266 

Defective  work 430 

Definitions  for  arches 401 

piles 266 

reinforced  concrete 277 

timber 265 

timber  bridges 264 

Deflections  of  trusses 62 

Deformation  diagram,  Williott 64 

Depositing  concrete  under  water 457 

Depth,  Ea)nomic 229 

of  beams 466 

of  girders 470 

of  trusses 187,  215,  470 

Design  of  abutments 307,  323,  486 

beams 23,  154,  471 

beam  bridge 145,  153 

bolts 264 

bridge  piers 326,  486 

bridge  pins 54,  225 

cast  iron  rockers 203,  226,  248 

compression  members 237 

culverts? 383 

end  bearings 175,  226 

end-post 57,  222,  468 

falsework. 452 

floors 217 

floorbeams 144,  153,  169,  217,  479 

floor  system 217 

forms 452,  485 

eirders 378 

high  truss  bridge 205,  217 

joints 197,  223,  485 

low  truss  bridge. . : 177,  190 

lower  chords 196,  469 

piers 326,  486 

pin 55.225.469 

plate  girder 157,  167,  171.  470 

portal 48,  223,  465 

reinforced  concrete 277 

reinforced  concrete  beams 371 

reinforced  concrete  bridges 345,  349.  370 

retaining  walls 295.  486 

slab 217,  368,  370 

stringers 141.  217.  466,  479 

T-beams 281,  480 

T-beam  bridfi^e 349.  370 

tension  members 196.  220,  469 

timber  bridges 255 

top  chord 194.  195,  469 

web  splice 162,  173.  470 

web  stiffeners 163,  470 

Diagonal  tension 289.  292,  482 

Distribution  of  concentrated  loads. 

120.  122.  268.  417,  478 

loads  through  fill 415 

Division  of  arch  ring 416 

Dowel 265 
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Drift  bolt 272,  365 

pin 463 

Driving  field  rivets 474,  476 

piles 266,  269,  367,  459,  487 

Earth,  Weight  of 307 

Economic  depth  of  girders 164,  229 

depth  of  trusses 215,  229 

panel  length 215 

span 229 

Eccentric  loading,  Stress  due  to 56,  470 

riveted  connection 62 

stresses 56 

Edge  distance  of  rivets 471 

Electric  railway  bridges 117,  125,  467,  468 

Ellipse  of  stress. 315 

End-post,  Design  of 57,  222,  468 

Stresses  in 57 

End  bearings,  Design  of .  . .  .175,  226,  469,  481 

End  walls 383,  390,  391,  392 

Equilibrium,  Condition  for 3i  5f  9 

polygon 10,  13 

Equivalent  uniform  loads 34,  127 

surcharge 312 

Erection  of  bridges 357,  442,  451,  459,  476 

Erection  equipment 462 

Erection  traveller 460 

of  tubular  piers 337,  443,  488 

Estimate  of  concrete  bridges 447 

cost 436 

cost  of  falsework 449 

cost  of  forms 448 

cost  of  riveted  bridge 445 

lumber. 436 

quantities 430 

reinforcing  steel 448 

weight  of  oridge 433 

Eye-bare. . . 234,  473,  474,  514 

Adjustable 235 

Cost  of 441 

Tests  of 476 

Expansion 472 

bearings 472,  481 

joints 349,  483,  485 

rockers 359,  360,  481 

Extra  work 432 

Extras  for  bars 438 

Factor  of  safety 230 

Falsework  for  arches 456 

bridges 443.  459 

concrete  bndges 453,  454 

Falsework,  Cost  of 449 

Fence 248,  465 

Cost  of 441 

Field  connections 474 

rivets 475»476 

mspection 463 

painting 476 

Fish  plate 265 

Fill  on  culverts 389 

Fillers 472 

Filling  rings 472 


Pack 

Flanee  rivets 470,  472 

space 162 

Flexure  and  direct  stress 285 

Floorbeam  reaction 35,    40 

Floorbeams 217,  466 

Floorbeams,  Cost  of 441 

Design  of 144,  153,  169,  217,  479 

Floors 129,  466 

Bituminous  covering  for 139 

Buckle  plate 133 

Cost  of 140,  445 

Design  of . . . .' *. 217 

Examples  of 130,  140 

Loads  on 125,  467 

Plank 269,  466 

Slab 217,  293,  349,  480,  481 

Timber 132,  133,  134,  135 

Wearing  surface  for 138,  482 

Footings  of  foundations 487 

Footwalks 465 

Force  polygon 4 

Force  triangle 4 

Forms 452,  485 

for  arch 457 

for  arch  culvert 456 

for  concrete  bridges 452,  485 

Cost  of 449 

Estimate  of 448 

for  pipe  culverts 393 

for  retaining  walls 455 

Removal  of. 453 

Foundations  for  abutments 328 

pressure  on 301,  306,  313,  327,  486 

Frame  trestle 257,  258,  268 

Freezing  weather,  Placing  concrete  in ... .  485 

Freight  rates 443 

Friction,  Coefficient  of 306,  469 

Fuller's  rule 447 

Gage  of  rivets 243,  509,  522 

Girders,  Design  of  concrete 378 

Economic  depth  of 229 

Loads  on 478 

Plate,  see  "Plate  girders." 

Girts 272 

Graphic  moments 4,  12,  16,  31,  89 

Graphic  resolution,  29, 71, 73, 75, 77, 91, 99,  loi 

Gravel 483 

Cost  of 448 

Weight  of 307 

Guard  rail 265 

timbers 265,  467 

Handrailing 465 

Cost  of 442 

Head  room 215,  229,  465 

High  truss 205,  207,  208,  215,  217 

Weig^ht  of 206,  208 

Hip  vertical 103 

Hook  bolts 537 

Howe  truss  bridge 107 

Cost  of 442 

Stresses  in 73,  81 
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Howe  truss,  Timber 255,  263 

Hub  guards 248 

Ice  breaker 335,  487 

Ice,  Crushing  strength  of 327 

Impact 118,  415,  469,  479 

on  arches 415 

formulas 231 

Impact  stresses 192,  218,  230 

Indirect  splices 472 

Influence  diagrams. 36,  37,  38,  40,  41,  42,  413 

Influence  diagrams  for  arches 413 

Initial  stresses 48 

Inspection  of  concrete  structures 458 

Field 463 

Mill 475 

Shop , 463.  475 

Invoices,  Shipping 476 

Iron,  Cost  of. 437 

Joints  in  concrete 303,  359,  485 
oists 103,  466 

De8ifl:n  of 141,  I97i  223 

Loads  on 121,  124,  466,  478 

Timber 268,  466 

Ketchum's  specifications  for  concentrated 
live  loaos 120,  122,  124,  467,  478 

specifications  for  impact 119,  469,  479 

Knots,  Definitions  for 266 

K-truss  bridge 107 

Stresses  in 93 

Lacing  bars 237,  471 

Laitance 458 

Lag  screws 264,  537 

Laminated  plank  floor 132,  135,  136 

Lateral  bracing 465 

connections 245,  534,  535 

pins 345t  5^9 

system.  Stresses  in 46,  191,  220 

Launhardt  formula 231 

Laying  masonry 448 

Leads 267 

Leg  bridge 106,  157 

Length  of  beams 292,  480 

columns 292,  481 

compression  membere 469 

span  of  arches 1 13,  401,  480 

span  of  concrete  bridges 113,  480 

span  of  steel  bridges 113,  268,  465 

Liability  insurance 430 

for  accidents 432 

Liens 431 

Live  loads 118,  119,  120,  467,  477 

on  arches 414,  477,  483 

Live  loads,  Concentrated 119 

on  electric  railway  bridges 125 

on  highway  bridges, 

34,  124,  181,  183,  218,  269,  467,  477 

on  railway  bridges 126 

on  timber  bridges 269 

Loads 114 
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Loads,  Concentrated 119, 120 

Live,  see  "Live  loads/' 

Moving 20,  21 

Snow 125 

Wind 125,  468,  479 

on  arches 414,  477,  483 

on  bridges  (also  see  live  loads  and  wind 

loads) 25,  34,  181,  183 

on  piles 269,  367,  487 

on  slabs 292,  478 

on  stringers 121,  124,  466,  479 

Lomas  nuts 245,  518 

Long  span  bridges 470 

rivets 471 

Longitudinal  forces 468,  479 

strut 265 

Loop  bare. 235,  515 

Low  truss  bridge.  .104,  105,  106,  177,  268,  470 

Design  of 177-204 

Weights  of 114,  180,  182,  184 

Low  water  bridges 361,  362 

Lumber,  Cost  of 448 

Estimate  of 436 

Map  of  bridge  site 424 

Masonry  abutments, 

*  „       ,_,  ^^5.  330,  331.  335»  447.  486 

Allowable  pressures  on 306,  307 

piers. 335-338»  486 

retaining  walls 308,  315,  486 

Specific  gravity  of 307 

Specifications  lor 488 

Strength  of 307 

Weight  of 307 

Matenal,  Cost  of 437 

Maximum  diameter  of  rivets 471 

Maximum  floorbeam  reaction 35*  40 

Maximum  moment  in  a  beam 30,  21,  37 

in  a  truss 37,  40 

Maximum  shear  in  a  beam 23,  38 

in  a  truss 38 

Metal,  Minimum  thickness  of 234,  471 

Mill  inspection 475 

details.  Cost  of 439 

ordere 439 

Minimum  penetration  of  piles 269,  487 

thickness  of  metal 234,  471,  487 

Mixing  concrete 451,  484 

Moments I7i  I9f  30 

Algebraic 30 

Graphic 4,  12,  16,  31 

in  a  beam 20,  21,  37 

of  forces 4,  9 

in  plate  p:irdere 159,  163 

Moment  diagram 43 

table 45 

Moving  loads,  see  "Concentrated  loads" 
Multiplication  table 528 

Nails,  Strength  of 264 

Net  section 469 

Non-concurrent  forces 9 

Notation  for  arches 401 
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Notation  for  piles 266 

reinforced  concrete 277 

retaining  walls 295,  307 

timber 264 

Nuts,  Lomas 245,  518 

Pilot 246 

Sleeve 235 

Oblong  steel  pier 341 

Overflow  bridge 361 

Packing  block 265 

spool. 265 

Paint  for  bridge 252,  444,  476 

Paint  specifications 252,  476 

Painting 251 

Cost  of 443.  444 

Field 476 

Shop 475 

timber 272 

Panel  length 215,  229 

Parker  truss  bridge 109 

Patented  construction 430 

Pedestals 203,  246,  472 

Pedestal  abutment 335 

Cast  iron 203 

piers 339 

Petit  truss,  Stresses  m 75.  93t  94>  107 

Piers,  Bridge 323 

Concrete 335-33^ 

Design  of 326,  486 

Masonry 335-338 

Oblong  steel 341 

Pedestal 339 

Sinking 328 

Specifications  for 486 

Tubular  steel 340,  341,  342,  343,  487 

Pile  driver 459 

trestle 255,  257,  265,  276 

Piles 265,  266,  486 

Definitions  of 266 

Driving 267,  271,  449,  459 

Loads  on 269,  367,  487 

Penetration  of 269,  487 

Reinforced  concrete 367 

Safe  load  on 269,  367,  487 

Specifications  for 271,  367,  459,  486 

in  tubular  piers 340,  488 

Pilot  nuts 246,  474 

point 246,  474 

Pins 245,  472,  474,  5i8.  5^0,  521 

Beanng  on 469,  520 

Bending  in 469,  521 

Cost  of 441 

Cotter 245,  518 

Design  of 54,  225,  469 

holes 474 

Lateral 245,  518 

Elates 472 
hear  in 54,  469 

Stresses  in 54,  469 

Weight  of 434 

Pin-connected  truss 177,  206,  215 


Pagb 

Pipe  culverts 388,  389,  392 

Cast  iron 392 

Concrete 393 

Corrugated 389,  392 

Cost  of 450 

Riveted 389,  392 

Stresses  in 384,  387 

Pitch  of  rivets 243,  244,  471 

Placing  concrete 484 

reinforcing  steel 449 

Plank  floor 133,  466 

Creosoted 137 

Distribution  of  loads  on 121,  124 

Laminated 133,  135,  137 

Plans,  Bndge 425 

Design 426 

Plate  girder no,  157,  165,  167,  470 

Camber  of 164 

Desien  of 162,  171,  469,  470 

End  bearings  for 175 

Flanges  in 158,  162,  470 

Floorbeams  for 169 

stiffeners 163,  470 

Stresses  in 159,  163,  170 

Thickness  of  web  of 158 

Web  splice  of 162,  172 

Weight  of 115,  116,  117,  167 

Plates,  Batten 240,  471 

Beanng, 

204,  227,  247,  359,  360,  474.  481,  487 

^  9^  of 437 

Pomtmg  masonry 488 

Portland  cement 483 

Portal 103 

Design  of 219,  223 

Stresses  in 48,  51,  99 

Pratt  truss,  Stresses  in, 

28, 71, 81, 91, 103, 105, 107, 108, 178, 188, 189 
Pressures  on  foundations, 

301,  306,  313.  327,  486 

on  culverts 383 

on  masonry 306 

on  retaining  walls 295 

in  trenches 383 

Principles  of  design  of  retaining  walls, 

302,  313,  486 

Proposals 430 

Proportions  of  arches 483 

of  girders  and  trusses 229 

of  paint 252,  444 

for  concrete 484,  487 

Protection  of  overhead  bridges 251 

Punching 473 

shear 123,  292,  474,  481 

Radius  of  gyration  of  angles, 

495,  496,  497,  501 

of  sections 538 

Railing 269,  465 

forms 454,  455 

Railway  plate  girder 157 

Railway  bridge  trusses.  Stresses  in 34 

Painting 253 
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Rankine's  theory 296 

Repose,  Angle  of 295,  306,  486 

Reaming 473 

Reinforced  concrete. 

Abutments 331-335 

Allowable  stresses  in  arch 291,  482 

arch 275 

arch  culverts 397,  400 

beams 277,  283 

Bond  stress  in 288,  292,  480,  482 

columns 288,  481,  482 

culverts 485 

Diagonal  tension  in 289,  481,  482 

Flexure  and  direct  stress  in 285 

floor  slabs 130,  394-398,  466 

paers 335,  339,  486 

piles 367 

pile  trestle 276,  367 

retaining  wall 309,  486 

Shear  in 288,  292,  481,  482 

slab 168,  345 

Stresses  in 277,  291,  482 

Stirrups  in 289,  292,  482 

T-beams 281,  293,  481 

Wedge-shaped  beams 314 

Working  stresses 291,  482 

Reinforced  concrete  bridges 345,  477 

Camber  in 477 

Cantilever 364 

Classes  of 273,  477 

Continuous 363 

Construction  of 451,  485 

Deck  girder 354 

Impact  in 119,  479 

Inspection  of 458 

Length  of  span  of 480 

Loads  on 477 

Slab 345 

Specifications  for,  see   "Specifica- 
tions" 

T-beam 346,  370 

Through  girder 354,  367,  375 

.  ,  Types  of. 373,  477 

Remforcement  m  arches 417,  483 

Cost  of 448,  449 

for  floor  slabs 131 

Placing 458,  485 

Spacing 480 

for  temperature 293,  481,  483 

Reinforcing  steel 448,  483 

Resolution   (see  algebraic  resolution  and 
graphic  resolution). 

Resolution  of  shear 42 

Retaining;  walls 295,  307,  310.  455,  486 

Design  of 295-300,  486 

Forms  for 455 

Pressures  on 295-300,  486 

Types  of 477,  486 

Rib  shortening  of  arches 409,  483 

Rigid  frames.  Stresses  in 385,  386,  387 

Rivet  heads,  Weight  of 434 

holes 473 

spacing,  Table  for 528,  530 
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Rivets 245 

Areas  to  be  deducted 530 

Bearing  on 469,  527 

Conventional  signs  for 244 

Driving 463.  474,  476 

Edge  distance 471 

Field 475,476 

Flange 470,  472 

Gage  of 243.  509,  522 

Length  of 526 

Long[ 471 

Maximum  diameter  of 471 

Pitch  of 244,  471 

Plate  girder 160,  161,  162 

Proportions  of 243,  522 

Shear  on 469,  527 

Size  of 473 

Standards  for 243,  522,  523,  524,  525 

Stresses  in. . .  .^ 469,  527 

Riveted  connections 62 

highway  bridge 207 

pipe  culverts 389,  392 

trusses 177,  206 

tension  members 235,  469,  472 

Rise  of  arch 401 

Roadway 477 

Width  of 113,  268 

Rocker  bearing 358,  359 

Rocker  pockets 360,  481 

Rockers 248,  469 

Cast  iron 203,  226,  248,  472 

Expansion 481 

Rolled  beams 471 

Rollers 66,  247,  472,  474 

Segmental 247,  361 

Stresses  in 66,  469 

Rubble  concrete 485 

Sand 483 

Cost  of 448 

Weight  of 307 

Sash  brace 265 

Schneider's  specifications 231,  232 

Semi-fluid 295 

Segmental  rollers 247,  361 

Shear  in  beams 17,  19,  23,.  38,  482 

in  slabs 123 

increments 29 

jnpjns 54.469 

m  plate  girders •  I59f  163,  469 

polyp)n 32 

m  reinforced  concrete, 

370,  371.  374.  378.  379 

remforcement 481 

in  rivets 469,  527 

truss 38 

Shearing  stress 288,  292,  482,  527 

Shoe,  Bridge 246,  472 

Shop  costs.  See  "  Costs. " 

Shop  inspection 463,  475 

painting 475 

plans 476 

waste 436 
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Sill 265,  271 

Size  of  rivets 473 

timbers 271 

Skew  bridge 47 

Slab  bridges 273,  345 

Continuous 293 

Design  of  .  .153,  168,  217,  293,  368,  370,  480 

Floor 129,  153,  349,  480 

Sleeve  nuts 235,  517 

Snow  loads 125 

Spacing  of  lacine  bars 472 

of  reinforcing  oars 290,  293,  480 

of  stirrups 292,  481 

of  trusses 465 

Span  of  arch 401,  480 

of  concrete  girders 293,  480 

Span  length 293,  465,  480 

Spikes 133,  272 

Splices,  Indirect 472 

Splices 472 

Specifications . 

Cooper's 232 

Engineering  Institute  of  Canada 233 

Illinois  Highway  Commission 233 

Iowa  Highway  Commission 234 

for  arches 418 

bituminous  wearing  surface 139 

concentrated  loads 120,  122 

concrete  bridges 346,  349,  351,  477 

creosoted  timber  floor 137 

floor  slabs 129,  478 

a  highway  bridge 430 

impact 118 

laminated  floor 135 

laying  creosoted  blocks 138 

live  loads 124 

masonry 488 

paint 252,  476 

piles 271,  367,  459 

Portland  cement 483 

reinforcing  steel 484 

reinforced  concrete 477 

reinforced  concrete  piles 367 

steel 232.  473 

Specifications  for  steel  bridges 465 

timber  bridges 268 

timber 473 

tubular  piers 340,  487,  488 

Stability  of  abutments 323 

retaining  walls 301 

Standard  connections 531,  532 

Standard  upsets 235 

Standards  lor  riveting 522,  523,  524,  526 

Starred  angles 501 

Steel,  Allowable  stresses  in.  .270,  290,  469,  482 

Steel  bridges,  Erection  of 459,  476 

Types  of 113 

Weight  of 432 

Width  of 114.  465 

Steel  castings 474 

Cost  of 437 

joists V 466 

Specifications  for 232,  473 


Page 
Steel  stiffeners 163,  470,  473 

stirrups 292,  373,  380,  481,  482 

stringers, 

121,  124,  141,  217,  265,  441,  466,  479 

trestle no,  465 

Weight  paid  for 475 

Stone,  Cost  of  broken 448 

Dressing 488 

Stress  in  bars  due  to  weight 60 

Jjnpact "8.  230,  469,  479 

Kinds  of 36,  230 

Stresses,  Alternate 469 

Combined 56,  470 

in  arches 402,  405,  408,  418,  483 

Baltimore  truss 75»  87,  183 

beams I7f  23 

box  culverts 384,  387 

bridge  trusses 25,  69 

camel-back  truss 73.  89,  91 

cast  iron 270,  469,  481 

centrifugal 231,  468,  479 

in  circular  pipe 384,  387 

culverts 384,  387 

eccentric 62 

in  end  post 57 

Howe  truss 73,  81 

high  truss 218 

initial 48 

in  K-truss 93 

lateral  systems 46 

low  truss  bridge 191, 193 

Plate  girders 159,  163,  170 
•etit  truss 75,  93,  94 

pins 54 

portals 48,  99 

Pratt  truss 28,  71,  81,  91.  95.  97 

railway  bridge 34 

reinforced  concrete,  see  "Reinforced 
concrete,  stresses." 

Stress  due  to  rib  shortening 409 

in  rigid  frames 385,  386,  387 

rollers 66 

stirrups 292,  373,  382 

Temperature 231,  479 

in  timber 264,  270,  466 

transverse  bent loi 

trestle  bent 99 

two-hinged  arch 402 

Warren  truss 27,  71,  77,  79,  83 

Wedge  shaped  beam 314 

Whipple  truss 85 

Stresses,  Wind 125,  470 

Stringer 265,  466 

Cost  of 441 

Design  of 121,  141,  217 

Load  on 121,  124,  466,  479 

Timber 142,  466 

Steel 141,  466 

Stub  ends 536 

Suspension  bridge 1 12 

Supervision 430 

Surveys,  Bridge 423 

Sway  braces 265,  272 
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Sway  rod  connections 534 

Swing  bridge no 

Structural  rivets 526 

steel,  Costs  of 437 

timber 265 

Surface  finish 486 

T-abutment 323t  3^4 

T-beam  bridge 273,  346,  370 

stresses  in 281,  480 

Talbot's  formula  for  waterway 328 

Tar  coating 482 

Tar  mat  on  floor 445 

Temperature 4^8 

in  arches 405.  4o8,  415.  4^3 

stresses 231,  405,  408,  479,  481 

reinforcement 293,  481,  483 

Tension  members 234,  235 

Tension  members,  Desi^  of 220,  472 

Tension  and  cross-bendmg 60 

in  steel 469 

Tests  on  distribution  of  loads  on  slabs. .   120 
Tests  on  distribution  of  loads  to  stringers .   121 

girder  bridge 359 

Thickness  of  arch  ring 4i7f  4^3 

concrete  slabs 130,  13I1  349 

metal 158.  234,  471,  487 

plank  floor I37f  269 

web  of  plate  girder 158 

Ties 467 

Tip  of  pile 267 

Timber  abutment 344 

blocks,  Creosoted 138 

bridges 255,  260,  264,  268 

creosoted I37 

floor,  Creosoted I34i  ^37 

floor 132,  133.  134.  135.  136 

joists 268,  466 

Painting 253,  272 

trestles 255 

Sizes  of 271 

Specifications  for 268,  473 

Standard  defects 266 

Stresses  in 269 

stringers 141 1  142 

Through  girder  bridge 274,  356 

Through-deck  girder  bridge 354 

Through  plate  girder  bridge 158,  165,  167 

Transverse  bent loi 

Traveller  for  erection  of  bridge 460 

Tremie 458 

Trenches,  Pressure  in 383,  384 

Trestle  bent 99 

Trestle  bridge,  Concrete 367 

Trestle,  Definitions  of 264 

Railway no 

Reinforced  Concrete 276,  367 

Timber 255,  256,  257,  258 

towers 465 

Tubular  piers 340,  341,  342,  343 

Specifications  for 340,  487,  488 

Turnbuckle 235,  517 

Turned  bolts 474 
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Truss,  Camber  of 67,  473 

Deflection  of 62 

Depth  of 215 

Ensign  of 470 

Panel  length 215 

Loads  on 124,  467 

Moment  in 37,  40,  124 

Shear  in 38 

Spacing  of 465 

Types  of 103,  105,  106,  107,  177,  465 

Types  of  abutments 323,  486 

bridge 103,  1 13,  205,  207,  465 

bridge  truss...  103,  105,  106,  107,  177,  465 

culvert 113,  383 

floors 129 

reinforced  concrete  bridge 273 

retaining  wall 308,  309,  486 

steel  bridge 103 

structure 113 

Two-hinged  arch in,  402 

U-abutments. 323,  324,  334 

Uniform  moving  load 20 

U-type  of  end  wall 391 

Upsets  for  bars 512,  513 

Upsets,  Standard 235 

Vertical  shear 288,  481 

Wall  plates 473 

Wane 266 

Warren  truss.  Stresses  in, 

27,  40,  71,  77,  79,  83,  89,  91,  104,  106, 

107.   108,  177,   I79»  181,   183,  185,  187 

Washers,  Beveled 534 

Washers,  Cast 537 

Cup 537 

Skew  back 537 

Wrought 272 

Water 483 

Waterproofing 249,  486 

arches 483 

concrete 486 

Waterway  for  bridges 328 

Wearing  surface  for  highway  bridge  floors, 

Web  plates 158,  474 

splice 162,  173 

Wedge-shaped  beams 314 

Weights  of  angles 491 

beam  bridges 148,  150 

bridges, 

114,  180,  182,  184,  206,  208,  434,  435 

earth 307 

electric  railway  bridges 117 

gravel 301 

masonr\' 307 

plate  girder  bridge 1 15,  1 16,  167 

rivet  heads 434 

sand 307 

Weight  paid  for 475 

Stresses  due  to 60,  470 
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Welds 474      Wind  load  stresses 194,  218,  470,  477 

Weyrauch's  formula 231      Wing  abutment 323,  324,  330-354 

Wheel  guards 269,  466      Wire  nails,  Strength  of 264 

Whipple  truss,  Stresses  in 85,  107      Wooden  joist 268,  466 

Width  of  roadway 113,  268,  469      Working  drawings 430 

Williott  deformation  diagram 64      Workmanship  for  steel  bridges 473 

Wind  loads 46,  125,  269,  468,  479      Wrought  washers 272 
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